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(54) Title: ETHER SUBSTITUTED IMIDAZOPYRIDINES 

(57) Abstract: Imidazopyridine compounds thai contain an ether functionality at the 1 -position are useful as immune response 
modifiers. The compounds and compositions of the invention can induce the biosynthesis of various cytokines and arc useful in 
the treatment of a variety of conditions including viral diseases and neoplastic diseases. Methods of preparing the compounds and 
intermediates useful in the preparation of the compounds are also disclosed. 
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ETHER SUBSTITUTED 1MIDAZOPYRIDINES 

Field 

This invention relates to imidazopyridine compounds that have ether or thioether 
substitution at the 1 -position, and that may contain additional functionality. The invention 
also provides pharmaceutical compositions containing these compounds and methods of 
inducing cytokine biosynthesis by administration of the compounds. 

Background 

The first reliable report on the l#-imidazo[4,5-c]quinoline ring system, Backman 
et ah, J. Org. Chem . 15, 1278-1284 (1950) describes the synthesis of l-(6-methoxy-8- 
quinolinyl)-2-methyl-lif-imidazo[4,5-c]quinoline for possible use as an antimalarial 
agent. Subsequently, syntheses of various substituted l#-imidazo[4,5-c] quinolines were 
reported. For example, Jain et al., J. Med. Chem. 11, pp. 87-92 (1968), synthesized the 
compound l-[2-(4-piperidyl)ethyl]-lif-imidazo[4,5-c]quinoline as apossible 
anticonvulsant and cardiovascular agent. Also, Baranov et al., Chem. Abs. 85, 94362 
(1976), have reported several 2-oxoimidazo[4,5-c]quinolines, and Berenyi et al., 1 
Heterocyclic Chem. 18, 1537-1540 (1981), have reported certain 2-oxoimidazo[4,5- 
c]quinolines. 

Certain l#-imidazo[4,5-c]quinolin-4-amines and 1- and 2-substituted derivatives 
thereof were later found to be useful as antiviral agents, bronchodilators and 
immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338; 
4,698,348; 4,929,624; 5,037,986; 5,268,376; 5,346,905; and 5,389,640, all of which are 
incorporated herein by reference. 

Substituted l#-imidazopyridine-4-amine compounds useful as immune response 
modifiers are described in United States Patent Nos. 5,446,153; 5,494,916; 5,644,063; 
6,525,064; 6,545,016; and 6,545,017. The compounds described in these patents do not 
have ether substitution at the 1- position. Certain l//-imidazo[4,5-c]quinolin-4-amines 
that have amide, sulfonamide, and urea functionality at the 1 -position are described in U.S. 
Patent Nos. 6,331,539; 6451,810; and 6,541,485. 
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Despite these recent discoveries of compounds that are useful as immune response 
modifiers, there is a continuing need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 



In one aspect, the invention provides imidazopyridine compounds that have ether 
substitution at the 1 -position. These compounds have the general formula (la): 



wherein X, W, and the various R variables are as defined herein. In other aspects, the 
invention provides pharmaceutical compositions containing the compounds and methods 
of using the compounds to achieve a therapeutic effect. Such effects include the induction 
of cytokine biosynthesis, the induction of interferon biosynthesis, treatment of viral 

15 conditions and treatment of neoplastic conditions. In other aspects, the invention 

additionally provides methods of making the compounds and intermediate compounds 
useful in their synthesis. 

Many of the compounds of the invention have an ether linkage at the 1 -position of 
the compounds. The compounds may include additional substitution that occurs after the 

20 initial ether linkage, such as aryl, heteroaryl, heterocyclyl, amido, sulfonamido, urea, and 
the like. An additional set of compounds provided by the invention contain a thioether 
linkage at the 1 -position; these thioether compounds may also have additional substitution 
after the initial thioether linkage, including alkyl, aryl, heteroaryl, and heterocyclyl. 



Summary 




R 



(la) 



10 
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Detailed Description 



Several classes of ether and thioether substituted imidazopyridine compounds are 
disclosed herein. Although each has a different type of substitution at the 1 -position of the 
5 compound, many of the substituents at the other positions of the imidazopyridine core can 
be independently selected from the same group of radicals. Therefore, the following 
system is used to describe some embodiments of the invention: different classes of 
compounds are each described by a different general structure of Formula la, such as lb, I- 
1, 1-2, and so on. Corresponding different Ri substituents for those compounds will be 

10 similarly identified as Rm, R1-2, and so on. The other substituents, which have the same 
definitions for each class of compounds, will have common designations such as X, Y, Z, 
R2, R3, R4, Rs> and so on. If the same variable appears twice in a particular substituent or 
compound, such as in " - N(Rs)2" then each instance of the variable can be independently 
selected from the permitted values for the variable. 

15 In one aspect, compounds of the invention are repesented by Formula la: 




X W — R 1 



(la) 



20 



wherein: 



X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, 



or CH(R 5 )-alkylene-Y-alkylene-; 



25 



Yis-O-, or-S(O) 0 -2-; 

-W-R] is selected from -0-R M . 5 and -S(0)o. 2 -Ri^; 
R1-1-5 is selected from 



30 



-R6-C(R 7 )-Z-R8-alkyl; 
-R 6 -C(R 7 hZ-R8-alkenyl; 
-Rs-C^^Zr-Rg-aryl; 
-R^C(R 7 )-Z-R 8 -heteroaryl; 
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-Rfi-C(R 7 )-Z-R8— heterocyclyl; 
-R6-C(R 7 )-Z-H; 
-R«-N(R9)-C(R7)-R8-alkyl; 
-R6-N(R 9 )-C(R7)-R8— alkenyl; 
5 -R6-N(R 9 )-C(R7)-R8-aiyl; 

-R^-NCRgH^^^Rs-heteroaryl; 
-R6-N(R 9 )-C(R7)-R8-heterocyclyl; 

-R6-N(R 9 ) -C(R 7 )-Rio; 
-R6-N(R 9 )-S0 2 -R8-alkyl; 
10 -Re— N(R 9 )-S0 2 — Rg-alkenyl; 

-Re-NfR^Oa-Rs-aryl; 

-R6-N(R 9 )-S02-R8-heteroaryl; 

-R6-N(R 9 )-S02-R8-heterocyclyl; 

-R6-N(R 9 )-S0 2 -Rio; 
15 -R6-N(R 9 )-S02-N(R 5 )-Rs-alkyl; 

-R6-N(R 9 )-S02-N(R 5 )-R8-alkenyl; 

-R6-N(R 9 )-S02-N(R 5 )-R8-aryl; 

-R 6 -N(R 9 )-S02-N(R 5 )-R 8 -heteroaryl; 

-R6-N(R 9 )-S02-N(R 5 )-Rs-heterocyclyl; 
20 -R6-N(R 9 )-S0 2 -NH 2 ; 

-Re-N(R 9 )-C(R7)-N(R5>-Q-R8-alkyl; 

-Re-N(R 9 )-C(R7)-N(R5)-Q-R8-alkenyl; 

-Re-N(R 9 )-C(R7)-N(R5)-Q-R8-aryl; 

-R6-N(R 9 )- C(R 7 )-N(R 5 )-Q-R8-heteroaryl; 
25 -Re-N(R 9 )- C(R 7 )-N(R 5 )-Q-Rs-heterocyclyl; 

-R6-N(R 9 )-C(R7)-N(R5)2; 

-Re-NCRsJ-C^i-NCR, ,)-Q-R8-alkyl; 
-R6-N(R 9 )-C(R 7 )-N(Ri i)-Q-R8-alkenyl; 
30 -R6-N(R 9 )-C(R 7 )-N(Rn>-Q-Rr-aryl; 

-R6-N(R 9 )- C(R 7 )~N(R„)-Q-R8-heteroaryl; 
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-R6-N(R 9 )- C(R 7 )— N(R n >-Q-R8-heterocyclyl; 

-R6-N(R 9 )- C(R 7 )-N(Rn)H; 

-alkenyl; 

-aryl; 

5 -Ro-aryl; 

-heteroaryl; 
-heterocyclyl; 
-R6- heteroaryl; and 
-R6-heterocy clyl ; 
1 0 Z is-N(R 5 )-, -O-, or -S-; 

Q is a bond, -CO-, or -SO2-; 

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or 
heteroaromatic ring that contains up to three heteroatoms; 
R1-6 is selected from: 
15 -alkyl; 

-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkenyl; 

20 -R*-aryl; 

-Rs- heteroaryl; and 
-Re-heterocyclyl; 
each R 5 is independently hydrogen, C1-10 alkyl, or C 2 -io alkenyl; 
R^ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
25 more -O- groups; 

R 7 is=Oor=S; 

R 8 is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
30 atom of R^ to form a ring of the formula 
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(CH 2 ) 3 _ 8 

9 

Rio is hydrogen or Cmo alkyl; or R 9 and Rio can join together to form a ring 
selected from 

— N-c(R 7 ) — N-S0 2 

( ) ( ) 

Rl2 and Rl2 ; 
5 Ri i is Cmo alkyl; or R 9 and R ( i can join together to form a ring having the 

structure 

— N - C(R 7 ) 

( y- 

(CH 2 ) 2 / 

R12 is C 2 -7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; and 
10 R x , Ry and R z are independently selected from hydrogen and non-interfering 

substitutents; 

or a pharmaceutically acceptable salt thereof, wherein the compound or salt of Formula la 
induces the biosynthesis of one or more cytokines. 

1 5 Compounds of Formula lb 

In one embodiment, compounds of the invention are represented by Formula lb: 

NH. 




20 (lb) 
wherein: 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 
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-W-Ri is selected from -O-R1-1.5 and -S(0)o- 2 -Ri-6; 
Ri-i-5 is selected from 

-R 6 -C(R 7 )-Z-R8-alkyl; 

-Re-C(R7)-Z-R8-alkenyl; 

-R6-C(R7)-Z-R8-aryl; 

-R6-C(R 7 )-Z-R8— heteroaryl; 

-R5-C(R 7 )-Z-Rs— heterocyclyl; 

-R6-C(R 7 )-Z-H; 

-R6-N(R 9 ) -C(R 7 )-R8-alkyl; 

-R6-N(R 9 ) -C(R 7 )-R8-alkenyl; 

-R6-N(R 9 )-C(R 7 )-R8-aryl; 

-R^-N(R 9 )-C(R 7 )-R8-heteroaryl; 

-R6-N(R 9 )-C(R 7 )-R8-heterocyclyl; 

-Re-N(R 9 ) -C(R 7 )-R,o; 

-R6-N(R 9 )-S0 2 -R8-alkyl; 

-R6-N(R 9 )-S0 2 -R 8 -alkenyl; 

-R6-N(R 9 )-S02-R8-aryl; 

-R6-N(R 9 )-S02-R8-heteroaryl; 

-R«-N(R 9 )-S02-R8-heterocyclyl; 

-R6-N(R 9 )-S0 2 -Rio; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-alkyl; 
-R 6 -N(R 9 )-S0 2 -N(R 5 )-R 8 -alkenyl; 

-R6-N(R 9 )-S0 2 -N(R s )-R 8 -aryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-heteroaryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-heterocyclyl; 

-R6-N(R 9 )-S0 2 -NH 2 ; 

-R6-N(R 9 )-C(R 7 )-N(R5)-Q-R8-alkyl; 

-Re-N(R 9 )-C(R 7 )-N(R5)-Q-R8-a]kenyl; 

-R<rN(R 9 )-C(R 7 )-N(R 5 )-Q-R8-aryl; 

-IU-N(R 9 )- C(R 7 )-N(R 5 )-Q-Rs-heteroaryl; 

-R6-N(R 9 )-C(R 7 )-N(R 5 )-Q-R8-heterocyclyl; 

-R6-N(R 9 )-C(R 7 )-N(R5) 2 ; 
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-R6-N(R 9 )-C(R7)-N(R, i)-Q-R 8 -alkyl; 

.R6-N(R 9 )-C(R7)-N(Rn)-Q-R8-alkenyl; 
-IVNCR^C^-NfRny-Q-IVaryl; 

-R6-N(R 9 )- C(R 7 )-N(R u )-Q~R«-heterocyclyl; 
-R6-N(R 9 )- C(R 7 )-N(Rit)H; 
-alkenyl; 
-aryl; 
-R*-aryl; 
-heteroaryl; 
-heterocyclyl; 
-R^- heteroaryl; and 
-R^-heterocyclyl; 
Ri-6 is selected from: 
-alkyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R^-aryl; 

-R^- heteroaryl; and 
-R^-heterocyclyl; 
R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 
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-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- allcyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 
5 -OH; 

-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 
10 -N 3 ; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
15 -C(0)-heteroaryl; 

Yis-0-or-S(0) 0 . 2 -; 

Z is-N(R 5 )-, -O-, or -S-; 

Q is a bond, -C(O)-, or ~S0 2 -; 

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or 
20 heteroaromatic ring that contains up to three heteroatoms; 

R 3 and R4 are independently selected from the group consisting of hydrogen, C1-10 
alkyl, C2-10 alkenyl, C2-10 alkynyl, C1-10 alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, C mo alkyl, or C2-10 alkenyl; 
25 R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O- groups; 

R 7 is =0 or =S; 

Rs is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 

30 R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 

atom of R$ to form a ring of the formula 
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( CH 2)3-8 

9 

Rio is hydrogen or Cmo alkyl; or R9 and Rio can join together to form a ring 
selected from 

-N-C(R 7 ) ~ N-S0 2 

( ) O 

Rl2 and Rl2 ; 
5 Ru is Cmo alkyl; or R9 and Ri 1 can join together to form a ring having the 

structure 

— N-C(R 7 ) 

( y- 

{CH ^ ; and 
R12 is C2.7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
10 or a pharmaceutically acceptable salt thereof. 



Compounds of Formula 1-1 

One embodiment includes a class of compounds represented by Formula (1-1): 



15 




(1-1) 

20 wherein: 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R1.1 is selected from the group consisting of: 
-R6-C(R 7 )-Z-R«-alkyl; 
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•R6-C(R 7 )-2^-R8-alkenyl; 

-R^-CCRvy-Z^Rs-aryl; 

-R^-C^y-Zr-Rg-heteroaryl; 

-R6-C(R 7 )-Z-R8~-heterocyclyl; 

-R6~C(R 7 )-Z--H; 

-R6-N(R 9 ) ~C(R 7 )-R8-alkyl; 

-R^N(R 9 ) -C(R 7 )-R8-alkenyl; 

-R 6 -N(R 9 )-C(R 7 >-R 8 -aryl; 

^-NCRpy-CCR-z^-Rs-heteroaryl; 

-R6-N(R 9 )-C(R 7 )-R8-heterocyclyl; and 

-R6-N(R 9 ) -C(R 7 )-Rio; 
Z is-N(R 5 K -O-, or-S-; 
R2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene- Y-alkyl ; 
-alkylene-Y- alkenyl; 
-alkylene- Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 
-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-CCO-O-d-io alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 

11 
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-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 



5 



Yis-O-or-S(O) 0 - 2 -; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 



alkyl, C2-10 alkenyl, C 2 -io alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-to alkenyl; 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
1 0 more -O- groups; 

R 7 is =0 or =S; 

Rs is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
1 5 atom of R^ to form a ring of the formula 




Rio is hydrogen or Cmo alkyl; or R 9 and Ri 0 can join together to form a ring 



selected from 



20 
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Compounds of Formula 1-2 

Another embodiment includes a class of compounds represented by Formula (1-2): 



X is -CH(R 5 h -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylenes 

R1-2 is selected from the group consisting of: 

-R6-N(R 9 )-S02-R8-alkyl; 

-R6-N(R 9 )— S0 2 -R8~alkenyl; 

-R6-N(R 9 )-S02-R8~aryl; 

-R6-N(R 9 )-S02-R8-heteroaryl; 

-R6-N(R 9 )-S02-R8-heterocyclyl ; 

-R^-N(R 9 )-S0 2 ~Rio; 
-R6-N(R 9 )-S0 2 -N(R 5 )-R 8 -alkyl; 
-R 6 -N(R 9 )-S0 2 -N(Rs)-R 8 -alkenyl; 
^R6-N(R 9 )-S02-N(R5)-R 8 -aryl; 
-Ra-NCR^-SOa-N^-Rg-heteroaryl; 
-R6-N(R 9 )-S02-N(R5)-R8-heterocyclyl; and 
-R6-N(R 9 )-S0 2 -NH 2 ; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

. -heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 




R 



1-2 



(1-2) 



wherein: 
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-alkylene-Y- alkenyl; 
-alkylene- Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 



-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(0)-Ci-io alkyl; 

-C(O)-O-C M0 alkyl; 

-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 



Y is -0- or -S(0)o.2S 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

Re is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more ~0~ groups; 

Rg is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of R$ to form a ring of the formula 



Rio is hydrogen or Cmo alkyl; or R9 and Rio can join together to form a ring having 
the structure 
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R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
or a pharmaceutically acceptable salt thereof. 

Compounds of Formula 1-3 

Another embodiment includes a class of compounds represented by Formula (1-3): 




'4 



(1-3) 



wherein: 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R1.3 is selected from the group consisting of: 

-R6-N(R 9 )-C(R7)-N(R5>-Q-R8-alkyl; 

-R 6 -N(R 9 )- C(R 7 )— N(R 5 )-Q-R8-alkenyl; 

-R6-N(R 9 >- C(R 7 )-N(R 5 )-Q-R«-aryl; 

-R6-N(R 9 >- C(R 7 )— N(R 5 )-Q-R8-heteroaryl; 

-R6-N(R 9 )- C(R 7 )— N(R 5 )-Q-R8-heterocyclyl; 

-Re-NCR,)- C(R 7 )-N(R 5 )2; 

-R 6 -N(R 9 )-C(R 7 )- N A ; 

-RrN(R 9 >- C(R 7 )-N(R!^Q-R8-alkyl; 
-RrN(R 9 >- C(R 7 )-N(R u )-Q-R8-alkenyl; 
-R6-N(R 9 )- C(R 7 )-N(R u )-Q-Rr-aryl; 
-RrN(R 9 )- C(R 7 )-N(R u )-Q-R8-heteroaryl; 
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-R*-N(R 9 >- C(R 7 )-N(R n )-Q-Rr-heterocyclyl; and 
-R6~N(R 9 )- C(R 7 )-N(R n )H; 
R 2 is selected from the group consisting of: 

* 

-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 
-N(R 5 ) 2 ; 

-C(0)-C M o alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 

Yis-O~or-S(0)o. 2 -; 

Q is a bond, -C(O)-, or -S0 2 -; 

A represents the atoms necessary to provide a 5- or 6- membered heterocyclic or 
heteroaromatic ring that contains up to three heteroatoms; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, C M o alkoxy, C M0 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 
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each R 5 is independently hydrogen, Cmo alkyl, or C 2 .io alkenyl; 
R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

each R 7 is =0 or=S; 

Rg is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 

i 

R 9 is hydrogen, Cm 0 alkyl, or arylalkyl; or R 9 can join together with any caibon 
atom of R$ to form a ring of the formula 




<CH2> " ;and 

10 Rn is Cmo alkyl; or R 9 and Rn can join together to form a ring having the 

structure 

— N-C(R 7 ) 

( y- 

(CH 2 ) 2 . 7 

or a pharmaceutical^ acceptable salt thereof. 

1 5 Compounds of Formula 1-4 

Another embodiment includes a class of compounds represented by Formula (1-4): 

NH, 




20 wherein: 

X is -CH(R 5 >, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylenes 

Rm is selected from the group consisting of: 
-alkenyl; 

25 -aryl; and 
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-R$-aryl; 

R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 

5 -alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
10 -alkylene-Y- alkenyl; 

-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 

1 5 -halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-Ci., 0 alkyl; 

-N 3 ; 

20 -aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 
25 Yis-Oor-S(0)o- 2 -; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, C M0 alkoxy, C^o alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
30 Re is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O- groups; 

or a pharmaceutically acceptable salt thereof. 
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Compounds of Formula 1-5 

Another embodiment includes a class of compounds represented by Formula (1-5): 

NHL 



X is -CH(R 5 )-> -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene- 5 or 
CH(R 5 )-alkylene-Y-alkylene-; 

R1.5 is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R6- heteroaryl; and 

-R6-heteroc yclyl ; 
R 2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; s 

-heteroaryl; 

-heterocyclyl; 

- alky lene- Y-alky 1 ; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 




R 



1-5 



(1-5) 



wherein: 



-OH; 
-halogen; 
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-N(R 5 ) 2 ; 

-C(0)-C M o alkyl; 
-C(O)-O-C M0 alkyl; 

-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 



Yis-O~-or-S(O) 0 -2-; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, C1-10 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

or a pharmaceutical^ acceptable salt thereof. 

Compounds of Formula 1-6 

Another embodiment includes thioether compounds represented by Formula (1-6): 



X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R1.6 is selected from the group consisting of: 

-alkyl; 

-aryl; 




R 



1-6 



(1-6) 



wherein: 
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-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R6-aryl; 
-Rs- heteroaryl; 
-R6-heterocyclyl; 
R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 

- alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 
Yis-0-or-S(0)o- 2 -; 
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R3 and R4 are independently selected from the group consisting of hydrogen, C^o 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cwo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C 2 -io alkenyl; and 
R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; 

or a pharmaceutically acceptable salt thereof. 
Intermediate Compounds 



Another aspect of the invention includes intermediate compounds of Formulas n, 
IV, V, LVffl, LIX-1, LIX-2, LDC-3, LIX-4, LIX-5, LXXVHI, LXXIX, LXXX-4, and 
LXXX-5. 

In one embodiment, a class of intermediate compounds is represented by Formula 



II: 




NH 



R 



6 



NH 




(n) 



wherein 



X is -CH(R 5 >, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R 2 is selected from the group consisting of: 



-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 
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-heteroaryl; 



-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 



-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 



Y is -O- or -S(0)o- 2 -; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, C1-10 alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R<5 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; and 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R$ to form a ring of the formula 




or a pharmaceutical^ acceptable salt thereof. 



23 



WO 03/103584 



PCT/US03/17659 



In another embodiment, a class of intermediate compounds is represented by 
Formula IV: 




(IV) 

wherein: 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylenes 

Ri-6 is selected from the group consisting of: 

-alkyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R6-aryl; 
-R$- heteroaryl; 
-Rs-heteroc yclyl ; 
R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
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-alkylene-Y-alkyl; 

- alkyene-Y- alkenyl; 
-alkyl ene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
5 group consisting of: 

-OH; 

-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
10 -C(0)-0-Cmo alkyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
15 -C(0)-aryl; and 

-C(0)-heteroaryl; 
Yis-O-or~S(O) 0 - 2 -; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
20 dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; 

or a pharmaceutically acceptable salt thereof. 
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In another embodiment, a class of intermediate compounds is represented by 
Formula V: 




wherein: 

X is -CH(R 5 )-> -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

Ri_6 is selected from the group consisting of: 

-alkyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R6-aryl; 
-R6- heteroaryl; 
-IV-heterocyclyl; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 
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- alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

5 -OH; 

-halogen; 
-N(R 5 ) 2 ; 

-C(0)-Ci-io alkyl; 
-C(O)-O-C M0 alkyl; 
10 -N 3 ; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)~aryl; and 
15 -C(0)-heteroaryl; 

Yis-0-or~S(0)o- 2 -; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 
20 each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; 

or a pharmaceutical^ acceptable salt thereof. 
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V 

In another embodiment, a class of intermediate compounds is represented by 
Formula LVIII: 




R 



T 

O 



Re 

NH 

(lvih) 

5 wherein 

X is -CH(R 5 )-, -CH(R 5 )-alkylene~, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R2 is selected from the group consisting of: 
-hydrogen; 
10 -alkyl; 

-alkenyl; 
-aryl; 

■ 

-heteroaryl; 
-heterocyclyl; 
15 -alkylene-Y-alkyl; 

-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 
20 -OH; 

-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 
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5 



-N 3 ; 
-aryl; 

4 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 



Y is -O- or -S(0)o- 2 -; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 



alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
10 dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; and 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
1 5 atom of R6 to form a ring of the formula 



or a pharmaceutically acceptable salt thereof. 

In another embodiment, a class of intermediate compounds is represented by 




Formulas LIX-1, LDC-2, and LDC-3: 



20 




(LDC-1 
LDC-2 
LIX-3) 



25 



wherein: 



Rm, 2 , 3 is Rm in LIX-1, R,_ 2 in LDC-2, and R M in LDC-3; 
X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
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CH(R 5 )-alkylene-Y-alkylene-; 

R\.\ is selected from the group consisting of: 
-R6-C(R 7 )-Zr-R8-alkyl; 
-R€-C(R 7 )-Z-R8-alkenyl; 
-R6-C(R 7 )-Z-R 8 -aryl; 
-R6-C(R 7 )-Z-R8— heteroaryl; 
-Rc-C(R 7 )-Z-R8— heterocyclyl; 
-Re-C(R 7 )-Z-H; 
-R6-N(R 9 ) -CfR^Rs-alkyl; 
-R6-N(R 9 ) -C(R 7 )-R8-alkenyl; 
-R6-N(R 9 )-C(R 7 )-R8-aryl; 

♦ 

-R 6 -N(R 9 )-C(R 7 )-R 8 -heteroaryl; 

-R6-N(R 9 >-C(R 7 )-R8-heterocyclyl; and 

-R6-N(R 9 ) -C(R 7 )-R, 0 ; 
Rj.2 is selected from the group consisting of: 

-R6-N(R 9 )-S0 2 -R 8 -alkyl; 

-R6-N(R 9 )-S0 2 — Rg-alkenyl; 

-R6-N(R 9 )-S02-R8-aryl; 

-R6-N(R 9 )-S02-R8-heteroaryl; 

-R6-N(R 9 )-S0 2 -R8-heterocyclyl; 

-R6-N(R 9 )-SO 2 -R 10 ; 

-R^N(R 9 )-S0 2 -N(R 5 )-R 8 -alkyl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-alkenyl; 

-R<i-N(R 9 )-S0 2 -N(Rs)-R8-aryl; 

-R 6 -N(R 9 )-S0 2 -N(R5)-R 8 -heteroaryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-heterocyclyl;and 

-R6-N(R 9 )-S0 2 -NH 2 ; 
R1-3 is selected from the group consisting of: 

-R6-N(R 9 )-C(R 7 )-N(R5)-Q-R8-alkyl; 

-R6-N(R 9 )-C(R 7 )-N(R5)-Q-R8-alkenyl; 

-R6-N(R 9 )-C(R 7 )-N(R 5 )-Q-R8-aryl; 

-R6-N(R 9 )- C(R 7 )-N(R 5 )-Q-R8-heteroaryl; 
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-R6-N(R 9 )- C(R 7 )— N(R 5 )-Q-R8-heterocyclyl; 

•Rs-N^W-n A; 

-R<rN(R 9 )-C(R 7 )-N(Ri i^Q-Rg-alkyl; 
-R6-N(R 9 )-C(R7)-N(Ri tH^-Rg-alkenyl; 
-Rfi-N^s^C^-NOR, ,)-Q-Rr-aryl; 
-R<i-N(R9)- C(R 7 )-N(R u )-Q-R8-heteroaryl; 
-Re-N(R 9 )- C(R 7 )-N(R n )-Q-R8-heterocyclyl; and 
-R<r-N(R 9 )- C(R 7 )-N(R U )H; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 
-N(R 5 ) 2 ; 

-C(O)-Ci. 10 alkyl; 
-C(O)-O-C,. 10 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
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-C(0)-heteroaryl; 



5 



Yis-0-or-S(0)o-2-; 
Z is-N(R 5 )-, -O-, or -S-; 

Q is a bond, -CO-, or -SOrS 

A represents the atoms necessary to provide a 5- or 6~membered heterocyclic or 



heteroaromatic ring that contains up to three heteroatoms; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2.10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 



R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

R 7 is =0 or =S; 

R« is a bond, alkylene, alkenylene, or alkynylerie, which may be interrupted by one 
15 or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of R<s to form a ring of the formula 



10 



each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 




Rio is hydrogen or Cmo alkyl; or R 9 and R t0 can join together to foim a ring 



20 selected from 




and 



Rn is Cmo alkyl; or R 9 and R u can join together to form a ring having the 



structure 



— N-C(R 7 ) 



( > 



v 272 7 ; and 

R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
or a pharmaceutically acceptable salt thereof. 




25 
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In another embodiment, a class of intermediate compounds is represented by 
Formulas LEX-4, and LIX-5: 



,N-N 




1-4,5 



wherein: 

Ri-4, 5 is Ri_4 in LIX-4, and Ri_ 5 in LIX-5; 
10 X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 

CH(R 5 )-alkylene-Y-alkylene-; 

Rm is selected from the group consisting of: 
-alkenyl; 
-aryl; and 

1 5 -R6-aryl; 

Ri_5 is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R$- heteroaryl; and 
20 -R<y--heterocyclyl; 

R 2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 
25 -aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 

-alkylene-Y- alkenyl; 
30 -alkylene-Y-aryl; and 
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- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

5 -N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 

-C(O)-O-C M0 alkyl; ' 

-N 3 ; 

-aryl; 

10 -heteroaryl; 

-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 
Yis-O~or-S(O) 0 -2-; 

15 R 3 and R4 are independently selected from the group consisting of hydrogen, C1-10 

alkyl, C2-10 alkenyl, C 2 -io alkynyl, Ci- 10 alkoxy, Ci-10 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, C M0 alkyl, or C2-10 alkenyl; and 
R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
20 more -O- groups ; 

or a pharmaceutical^ acceptable salt thereof. 

In another embodiment, a class of intermediate compounds is represented by 
Formula LXXVIH: 




25 (LXXVIH) 
wherein 
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X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 



5 



CH(R 5 )-alkylene-Y-alkylene~; 

Yis-0-or-S(0)o. 2 -; 
BOC is tert-butoxycarbonyl; 

each R 5 is independently hydrogen, Ci-io alkyl, or C 2 -io alkenyl; 



R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

Rs is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
1 0 more -O— atoms; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R 6 to form a ring of the formula 



T is selected from nitro and amino; 
15 or a pharmaceutically acceptable salt thereof 

In another embodiment, a class of intermediate compounds is represented by 
Formula LXXIX: 



20 wherein 

X is -CH(R 5 K -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-aIkylene-Y-alkylene-; 

Yis-O-or-£(O) 0 -2-; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
25 alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 




; and 
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each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
T is selected from nitro and amino; 
or a pharmaceutical^ acceptable salt thereof. 

In another embodiment, a class of intermediate compounds is represented by 
5 Formulas LXXX-4 and LXXX-5: 




O 



^1-4,5 

(LXXX-4 
LXXX-5) 

10 wherein 

R M , 5 is R1-4 in LXXX-4, and R M in LXXX-5; 
X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

Yis~0- or-S(O) 0 -2S 
15 Rj.5 is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-Rs- heteroaryl; and 

-R<5-heterocyclyl; 
20 Ru is selected from the group consisting of: 

-alkenyl; 

-aryl; and 

-R 6 -aryl; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
25 alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 
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R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; and 

T is selected from nitro and amino; 
or a pharmaceutically acceptable salt thereof. 

5 

Preparation of the Compounds 

Some embodiments of the invention including compounds Formula 1-6 and 
intermediate compounds can be prepared according to Reaction Scheme I where Ri-6, R2, 
R3, R4, and X are as defined above and Ph is phenyl. 

10 In step (1) of Reaction Scheme I, a 2,4-dihydroxy-3-nitropyridine of Formula X is 

chlorinated using conventional chlorinating agents to provide a 2,4-dichloro-3- 
nitropyridine of Formula XI. Preferably, a compound of Formula X is combined with 
phosphorous oxychloride and heated. Many 2,4-dihydroxy-3-nitropyridines are known 
and others can be readily prepared using known synthetic methods, see for example, 

15 Lindstrom et al., U.S. Patent No. 5,446,153 and the references cited therein. 

In step (2) of Reaction Scheme I, a 2,4-dichloro-3-nitropyridine of Formula XI is 
reacted with an amine of formula HO-X-NH 2 to provide a 2-cMoro-3-nitropyridine of 
Formula XII. The reaction can be carried out by adding the amine to a solution of a 
compound of Formula XI in a suitable solvent such as N,N-dimethylformamide in the 

20 presence of triethylamine. Many amines of the formula HO-X-NH 2 are commercially 
available; others can be readily prepared using known synthetic methods. 

In step (3) of Reaction Scheme I, a 2-chloro-3-nitropyridine of Formula XII is 
reacted with sodium phenoxide to provide a 3-nitro-2-phenoxypyridine of Formula XIH 
Phenol is reacted with sodium hydride in a suitable solvent such as tetrahydrofuran to 

25 form the phenoxide. The phenoxide is then reacted at an elevated temperature with a 
compound of Formula XII. 

In step (4) of Reaction Scheme I, a 3-nitro-2-phenoxypyridine of Formula XIII is 
chlorinated using conventional chlorinating agents to provide a 3-nitro-2-phenoxypyridine 
of Formula XIV. Preferably, the reaction is carried out by combining a compound of 

30 Formula XIII with thionyl chloride in a suitable solvent such as dichloromethane and 
heating. 



37 



WO 03/103584 



PCT/TJS03/1 7659 



In step (5) of Reaction Scheme I, a 3-nitro-2-phenoxypyridine of Formula XIV is 
reduced to provide a 2-phenoxypyridine-3,4-diamine of Formula XV. Preferably, the 
reduction is carried out using a conventional heterogeneous catalyst such as platinum on 
carbon. The reaction can be conveniently carried out on a Pair apparatus in a suitable 
5 solvent such as toluene or acetonitrile. 

Alternatively in step (5), Ni 2 B can be generated in situ from sodium borohydride 
and NiCl 2 in the presence of methanol. A compound of Formula XIV can be added to the 
resulting reducing agent solution to effect reduction of the nitro group. When a compound 
of Formula XIV contains an alkenyl, alkynyl, alkenylene or alkynylene moiety, the Ni 2 B 

10 reducing agent can be used without reducing these moieties. The product can be isolated 
from the reaction mixture using conventional methods. 

In step (6) of Reaction Scheme I, a 2-phenoxypyridine-3,4-diamine of Formula XV 
is reacted with a carboxylic acid or an equivalent thereof to provide a 4-phenoxy-li/- 
imidazo[4,5-c]pyridine of Formula XVI. Suitable equivalents to a carboxylic acid include 

15 orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or equivalent is 
selected such that it will provide the desired R 2 substituent in a compound of Formula 
XVI. For example, triethyl orthoformate will provide a compound where R 2 is hydrogen 
and trimethyl orthovalerate will provide a compound where R 2 is butyl. The reaction can 
be run in the absence of solvent or in an inert solvent such as toluene. The reaction is run 

20 with sufficient heating to drive off any alcohol or water formed as a byproduct of the 
reaction. Optionally, a catalyst such as pyridine hydrochloride can be included. 

Alternatively, step (6) can be carried out by (i) reacting the diamine of Formula 
XV with an acyl halide of Formula R 2 C(0)C1 or R 2 C(0)Br and then (ii) cyclizing. In part 
(i), the acyl halide is added to a solution of the diamine in a suitable solvent such as 

25 pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product 
of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 

In step (7) of Reaction Scheme I, a 4-phenoxy-li/-imidazo[4,5-c]pyridine of 
Formula XVI is reacted with a compound of Formula R^SNa to provide a 2-phenoxy-l//- 
imidazo[4,5-c]pyridine of Formula HI. Preferably, a thiol of the Formula R^SH is reacted 

30 with sodium hydride in a suitable solvent such as N,N-dimethylformamide to generate the 
anion, which is then reacted with a compound of Formula XVI. 
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In step (8) of Reaction Scheme I, a 4-phenoxy-li/-imidazo[4,5-c]pyridine of 
Formula EI is aminated to provide a l#-imidazo[4,5-c]pyridin-4-amine of Formula XVII 
which is a subgenus of Formula 1-6. The reaction can be carried out by combining a 
compound of Formula in with ammonium acetate and heating (140 - 160°C). Optionally, 
5 the reaction can be carried out in a pressure vessel. The product or a pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 

In step (9) of Reaction Scheme I, a l#-imidazo[4,5-c]pyriddn-4-amine of Formula 
XVII is oxidized to provide a l#-imidazo[4,5-c]pyridin-4-amine of Formula XVm which 
is a subgenus of Formula 1-6. Preferably, a solution of a compound of Formula XVII in a 

10 suitabtesolvent such as chloroform or dichloromethane is treated with 3- 

chloroperoxybenzoic acid. The degree of oxidation is controlled by adjusting the amount 
of 3-chloroperoxybenxzoic acid used in the reaction; i.e., using approximately one 
equivalent will provide the sulfoxide whereas using two equivalents will provide the 
sulfone. The product or a pharmaceutically acceptable salt thereof can be isolated using 

1 5 conventional methods. 

Alternatively, steps (8) and (9) of Reaction Scheme I can be reversed as shown in 
steps (10) and (1 1). In step (10) of Reaction Scheme I, a 4-phenoxy-ltf-imidazo[4,5- 
c]pyridine of Formula III is oxidized as in step (9) to provide a 4-phenoxy-l//- 
imidazo[4,5-c]pyridin-4-amine of Formula XLIII. Preferably, the oxidation reaction is 

20 carried out at a reduced temperature, for example, about 0 °C. The product or a 

pharmaceutically acceptable salt thereof can be isolated using conventional methods. 

In step (11) of Reaction Scheme I, a 4-phenoxy-l/^imidazo[4,5-c]pyridin-4-amine 
of Formula XLIII is aminated as in step (8) to provide a l#-imidazo[4,5-c]pyridin-4- 
amine of Formula XVIII which is a subgenus of Formula 1-6. The product or a 

25 pharmaceutically acceptable salt thereof can be isolated using conventional methods. 
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Reaction Scheme I 
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5 Some embodiments of the invention including compounds of Formula 1-1, 1-2, 1-3, 

and intermediate compounds can be prepared according to Reaction Scheme II where Rm, 
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2j 3 (Ri-u Ri-2> and R1-3), R2, R3, R4, R* s R9 and X are as defined above and BOC is tert- 
butoxycarbonyl. 

In step (1) of Reaction Scheme II, the amino group of an aminoalcohol of Formula 
XIX is protected with a tert-butoxycarbonyl group to provide a compound of Formula XX. 
5 A solution of the aminoalcohol in tetrahydrofuran is treated with di-ter/-butyl dicarbonate 
in the presence of a base such as sodium hydroxide. Many aminoalcohols of Formula XIX 
are commercially available; others can be prepared using known synthetic methods. 

In step (2) of Reaction Scheme II, a protected amino alcohol of Formula XX is 
converted to a methanesulfonate of Formula XXI. A solution of a compound of Formula 
10 XX in a suitable solvent such as dichloromethane is treated with methanesulfonyl chloride 
in the presence of a base such as triethylamine. The reaction can be carried out at a 
reduced temperature (0°C). 

In step (3a) of Reaction Scheme II, a methanesulfonate of Formula XXI is 
converted to an azide of Formula XXII. Sodium azide is added to a solution of a 
1 5 compound of Formula XXI in a suitable solvent such as N,N-dimethylformamide. The 
reaction can be carried out at an elevated temperature (80 - 100°C). 

In step (3b) of Reaction Scheme II, a compound of Formula XXII is alkylated with 
a halide of Formula Hal-R 9 to provide a compound of Formula XXHL In compounds 
where R 9 is hydrogen, this step is omitted. The compound of Formula XXII is reacted 
20 with sodium hydride in a suitable solvent such as N,N-dimethylformamide to form the 
anion and then combined with the halide. The reaction can be carried out at ambient 
temperature. 

In step (4) of Reaction Scheme II, an azide of Formula XXTTT is reduced to provide 
an amine of Formula XXIV. Preferably, the reduction is carried out using a conventional 
25 heterogeneous hydrogenation catalyst such as palladium on carbon. The reaction can 
conveniently be carried out on a Parr apparatus in a suitable solvent such as toluene. 

In step (5) of Reaction Scheme II, a 2,4-dichloro-3-mtropyridine of Formula XI 
(see Reaction Scheme I) is reacted with an amine of Formula XXTV to provide a 2-chloro- 
3-nitropyridine of Formula XXV. The reaction can be carried out by adding an amine of 
30 Formula XXIV to a solution of a compound of Formula XI in a suitable solvent such as 
N,N-dimethylformamide in the presence of a base such as triethylamine. 
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In step (6) of Reaction Scheme II, a 2-cMoro-3-nitropyridine of Formula XXV is 
reacted with sodium phenoxide to provide a 3-nitro-2-phenoxypyridine of Formula XXVI. 
Phenol is reacted with sodium hydride in a suitable solvent such as tetrahydrofuran to 
form the phenoxide. The phenoxide is then reacted at an elevated temperature with a 

compound of Formula XXV. 

In step (7) of Reaction Scheme II, a 3-mtxo-2-phenoxypyridine of Formula XXVI 
is reduced to provide a 2-phenoxypyridine-3,4^amine of Formula XXVII. Preferably, 
the reduction is carried out using a conventional heterogeneous catalyst such as platinum 
on carbon. The reaction can be conveniently carried out on a Parr apparatus in a suitable 
solvent such as, for example, toluene, 2-propanol, ethanol, and mixtures thereof. 

Alternatively in step (7), Ni 2 B can be generated in situ from sodium borohydride 
and NiCl 2 in the presence of methanol. A compound of Formula XXVI can be added to 
the resulting reducing agent solution to effect reduction of the nitro group. When a 
compound of Formula XXVI contains an alkenyl, alkynyl, alkenylene or alkynylene 
moiety, the Ni 2 R reducing agent can be used without reducing these moieties. The 
product can be isolated from the reaction mixture using conventional methods. 

In step (8) of Reaction Scheme II, a 2-phenoxypyridine-3, 4-diamine of Formula 
XXVII is reacted with a carboxylic acid or an equivalent thereof to provide a 4-phenoxy- 
l//-imidazo[4,5-c]pyridine of Formula XXVIII. Suitable equivalents to a carboxylic acid 
include orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or equivalent 
is selected such that it will provide the desired R 2 substituent in a compound of Formula 
XXVIII. For example, triethyl orthoformate will provide a compound where R 2 is 
hydrogen and trimethyl orthovalerate will provide a compound where R 2 is butyl. The 
reaction can be run in the absence of solvent or in an inert solvent such as toluene. The 
reaction is run with sufficient heating to drive off any alcohol or water formed as a 
byproduct of the reaction. Optionally, a catalyst such as pyridine hydrochloride can be 
included. 

Alternatively, step (8) can be carried out by (i) reacting the diamine of Formula 
XXVH with an acyl halide of Formula R 2 C(0)C1 or R 2 C(0)Br and then (ii) cyclizing. In 
part (i), the acyl halide is added to a solution of the diamine in a suitable solvent such as 
pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product 
of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 
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In step (9) of Reaction Scheme n, a 4-phenoxy-l/f-imidazo[4 5 5-c]pyridine of 
Formula XXVIII is aminated to provide a (4-amino-l/^imidazo[4,5- 
c]pyridinyl)acetamide of Formula VI. The reaction can be carried out by combining a 
compound of Formula XXVm with ammonium acetate and heating (140 - 160°C). 

* 

5 Optionally, the reaction can be carried out in a pressure vessel. 

In step (10) of Reaction Scheme n, (4-amino-l#-imidazo[4,5- 
c]pyridinyl)acetamide of Formula VI is hydrolyzed under acidic conditions to provide a 
l#-imidazo[4,5-c]pyridin-4-amine of Formula n. Preferably, a compound of Formula VI 
is treated with hydrochloric acid/ethanol at an elevated temperature. 

10 In step (11) of Reaction Scheme n, a l#-imidazo[4,5-c]pyridin-4-amine of 

Formula II is converted to a l#-imidazo[4,5-c]pyridin-4-amine of Formula 1-2 using 
conventional methods. For example, sulfonamides of Formula 1-2 can be prepared by 
reacting a compound of Formula II with a sulfonyl chloride of Formula R a S(C>2)Cl, where 
Ra is Rs-alkyl, Rg-alkenyl, Rs-aryl, Rg-heteroaryl or R8-heterocyclyl. The reaction can be 

15 carried out by adding the sulfonyl chloride to a solution of a compound of Formula II in a 
suitable solvent such as chloroform at ambient temperature. Sulfamides of Formula 1-2 
can be prepared by reacting a compound of Formula II with sulfuryl chloride to generate a 
sulfamoyl chloride in situ and then reacting the sulfamoyl chloride with an amine of 
Formula HNRsRa. The product or a pharmaceutical^ acceptable salt thereof can be 

20 isolated using conventional methods. 

Amides of Formula 1-1 can be prepared from l#-iriridazo[4,5-c]pyridin-4-amines 
of Formula II using conventional methods. For example, a compound of Formula II can 
be reacted with an acid chloride of Formula RaC(0)Cl. The reaction can be carried out by 
adding the acid chloride to a solution of a compound of Formula II in a suitable solvent 

25 such as chloroform, optionally in the presence of a base such as triethylamine, at ambient 
temperature. The product or a pharmaceutical^ acceptable salt thereof can be isolated 
using conventional methods. 

Ureas and thioureas of Formula 1-3 can be prepared from l//-imidazo[4,5- 
c]pyridin-4-amines of Formula II using conventional methods. For example, a compound 

30 of Formula II can be reacted with an isocyanate of Formula RaN=C=0. The reaction can 
be carried out by adding the isocyanate to a solution of a compound of Formula II in a 
suitable solvent such as chloroform, optionally in the presence of a base such as 
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triethylamine, at ambient temperature. Alternatively, a compound of Formula II can be 
reacted with a thioisocyanate of Formula RaN=C=S, a sulfonyl isocyanate of Formula 
RaS(0 2 )N=C=O or a carbamoyl chloride of Formula RaNC(0)Cl. The product or a 
pharmaceutical^ acceptable salt thereof can be isolated using conventional methods. 

5 



44 



WO 03/103584 



PCT/US03/17659 



HO-X-O— Rg-NH 2 
XIX 



(D 



HO-X-O- 
XX 



H 

Rr-N 



(2) 



H 2 N-X-0— R 6 — N 



(4) 



XXIV 



(5) 



\ 
BOC 



k 6 



\ 

BOC 



N 3 — X~0— R 6 — N 



XXIII 



\ 
BOC 



O 
ii 

-s-o-x-o 

II 

0 XXI 



H 

Rr-N 



\ 



(3b) 



BOC 



(3a) 



Nr-X-O 
XXII 



H 

Re-N 



\ 
BOC 




(6) 



BOC 



OPh O 



XXVI 



NH 
1 

X 
i 

? 



i 

N 



v 6 



'9 



BOC 



(7) 



R, 



XXVII 



k 9 



NH. 



NH 
1 

X 
1 

O 

I 

R 6 
I 

N 



BOC 



(8) 






OPh 




Reaction Scheme II 



XXVIII 



BOC 



1-1.2.3 



45 



WO 03/103584 



PCT/US03/1 7659 



Some embodiments of the invention including compounds of Formulas 1-4, 1-5, 
and intermediate compounds can be prepared according to Reaction Scheme III where 
Rm, 5 (Rm and R1-5), R2, R3, R4, X, and Ph are as defined above. 
5 In step (1) of Reaction Scheme HI, a 2,4-dichloro-3-nitropyridine of Formula XI is 

reacted with an amine of formula R1-4-O-X-NH2 or R1.5-O-X-NH2 to provide a 2-chloro-3- 

* 

nitropyridine of Formula XXIX-4 or XXIX-5. The reaction can be carried out by adding 
the amine to a solution of compound of Formula XI in a suitable solvent such as N, N- 
dimethylformamide in the presence of triethylamine. The product of the reaction can be 

1 0 isolated from the reaction mixture using conventional methods. Many amines of the 

formula R1-4-O-X-NH2 or R1-5-O-X-NH2 are commercially available; others can be readily 
prepared using known synthetic methods. For example, benzyloxyethylamine 
hydrochloride can be prepared by reacting tert-butyl 2-(hydroxy)ethylcarbamate with 
benzyl bromide in the presence of sodium hydroxide and benzyltrimethylammonium 

15 chloride, and then converting the resulting terf-butyl 2-(benzyloxy)ethylcarbamate to 

benzyloxyethylamine hydrochloride in the presence of hydrochloric acid, ethanol, and 
water. 

In other examples, 2-(3-pyridin-3-yl-propoxy)ethylamine and 2-[3-(l,3-thiazol-2- 
yl)propoxy]ethylamine can be prepared by reacting tert-butyl 2-(hydroxy)ethylcarbamate 

20 with 3-bromopropyne under the phase transfer conditions described above. The resulting 
tert-butyl 2-(prop-2-ynyloxy)ethylcarbamate can be coupled with heteroaryl bromides 
such as 3-bromopyridine and 2-bromothiazole by means of a palladium complex generated 
from a palladium catalyst such as dichlorobis(triphenyIphosphine)palladium (II) in the 
presence of copper (I) iodide and a base such as triethylamine. The reaction is 

25 conveniently carried out in a suitable solvent such as acetonitrile and can be heated at an 
elevated temperature. The products from the coupling reaction can be hydrogenated in the 
presence of a conventional heterogeneous catalyst such as 10% palladium on carbon. The 
hydrogenation reaction is conveniently carried out in a Parr vessel in a solvent such as 
methanol. Finally, the resulting tert-butyl 2-(heteroarylpropoxy)ethylcarbamates can be 

30 deprotected to provide 2-(heteroarylpropoxy)ethylamines under conditions described 
above. 
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In step (2) of Reaction Scheme HI, a 2-chloro-3-nitropyridine of Formula XXDC-4 
or XXIX-5 is reacted with sodium phenoxide to provide a 3-nitro-2-phenoxypyridine of 
Formula XXX-4 or XXX-5. Phenol is reacted with sodium hydride in a suitable solvent 
such as diglyme (bis(2-methoxyethyl) ether) to form the phenoxide. The phenoxide is 
5 then reacted at an elevated temperature with a compound of Formula XXDC-4 or XXIX-5. 
The product can be isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme III, a 3-nitro-2-phenoxypyridine of Formula XXX- 

* 

4 or XXX-5 is reduced to provide a 2-phenoxypyridine-3,4-diamine of Formula XXXI-4 

or XXXI-5. Preferably, the reduction is carried out using a conventional heterogeneous 
10 catalyst such as platinum on carbon. The reaction can be conveniently carried out on a 

Parr apparatus in a suitable solvent such as toluene. 

Alternatively in step (3), M2B can be generated in situ from sodium borohydride 

and NiCU in the presence of methanol. A compound of Formula XXX-4 or XXX-5 can be 

added to the resulting reducing agent solution to effect reduction of the nitro group. When 
15 a compound of Formula XXX-4 or XXX-5 contains an alkenyl, alkynyl, alkenylene or 

alkynylene moiety, the M2B reducing agent can be used without reducing these moieties. 

The product can be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme HI, a 2-phenoxypyridine-3,4-diamine of Formula 

XXXI- 4 or XXXI-5 is reacted with a carboxylic acid or an equivalent thereof to provide a 
20 4-phenoxy-l^-imidazo[4,5-c]pyridine of Formula XXXH-4 or XXXH-5. Suitable 

equivalents to a carboxylic acid include orthoesters, 1,1-dialkoxyalkyl alkanoates, 
corresponding acyl halides, and mixtures thereof. The carboxylic acid or equivalent is 
selected such that it will provide the desired R2 substituent in a compound of Formula 

XXXII- 4 or XXXII-5. For example, triethyl orthoformate will provide a compound where 
25 R 2 is hydrogen and trimethyl orthovalerate will provide a compound where R2 is butyl. 

The reaction can be run in the absence of solvent or in an inert solvent such as toluene. 
The reaction is run with sufficient heating to drive off any alcohol or water formed as a 
byproduct of the reaction. Optionally, a catalyst such as pyridine hydrochloride can be 
included. 

30 Alternatively, step (4) can be carried out by (i) reacting the diamine of Formula 

XXXI-4 or XXXI-5 with an acyl halide of Formula R 2 C(0)C1 or R 2 C(0)Br and then (ii) 
cyclizing. In part (i), the acyl halide is added to a solution of the diamine in a suitable 
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10 



15 



solvent such as pyridine. The reaction can be carried out at ambient temperature. In part . 
(ii), the product of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 
The product can be isolated from the reaction mixture using conventional methods. 

In step (5) of Reaction Scheme in, a 4-phenoxy-l#-imidazo[4,5-c]pyridine of 
Formula XXXH-4 or XXXII- 5 is aminated to provide a l#-imidazo[4,5-c]pyridin-4-amine 
of Formula 1-4 or 1-5. The reaction can be carried out by combining a compound of 
Formula XXXII-4 or XXXII-5 with ammonium acetate and heating (140 - 160°C). 
Optionally, the reaction can be carried out in a pressure vessel. The product or a 
phannaceutically acceptable salt thereof can be isolated using conventional methods. 

In Reaction Scheme m, when Ru, 5 is Rn the products of steps (l)-(5) are of the 
Formulas XXIX-4, XXX-4, XXXI-4, XXXII-4, and 1-4, respectively. Likewise, when R u 
4 , 5 is Ri-sthe products of steps (l)-(5) are of the Formulas XXDC-5, XXX-5, XXXI-5, 
XXXII-5, and 
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Some embodiments of the invention including compounds of Formula 1-1 and 
intermediate compounds can be prepared according to Reaction Scheme IV where 
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Rm, R2, R3, R4, X, and Ph are as defined above, and Ac is acetyl. 

In step (1) of Reaction Scheme IV, a 3~nitro-2-phenoxypyridine of Formula XIQ is 
esterified to provide a 3-nitro-2-phenoxypyridine acetate of Formula XXXIII. Preferably, 
the esterification is carried out using acetic anhydride in suitable solvents such as 

5 anhydrous dichloromethane and pyridine. The product can be isolated from the reaction 
mixture using conventional methods. 

In step (2) of Reaction Scheme IV, 3-nitro-2-phenoxypyridine acetate of Formula 
XXXm is reduced to provide a 2-phenoxypyridine-3,4-diamine Formula XXXTV. 
Preferably, the reduction is carried out using a conventional heterogeneous catalyst such as 

10 platinum on carbon. The reaction can be conveniently carried out on a Parr apparatus in a 
suitable solvent such as toluene. 

Alternatively in step (2), Ni 2 B can be generated in situ from sodium borohydride 
and NiCh in the presence of methanol. A compound of Formula XXXm can be added to 
the resulting reducing agent solution to effect reduction of the nitro group. When a 

15 compound of Formula XXXm contains an alkenyl, alkynyl, alkenylene or alkynylene 
moiety, the M2B reducing agent can be used without reducing tiiese moieties. The 
product can be isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme IV, a 2-phenoxypyridine-3,4-diamine of Formula 
XXXIV is reacted with a carboxylic acid or an equivalent thereof to provide a 4-phenoxy- 

20 l#-imidazo[4,5-c]pyridine of Formula XXXV. Suitable equivalents to a carboxylic acid 
include orthoesters, 1,1-dialkoxyalkyl alkanoates, corresponding acyl halides, and 
mixtures thereof. The carboxylic acid or equivalent is selected such that it will provide the 
desired R2 substituent in a compound of Formula XXXV. For example, triethyl 
orthoformate will provide a compound where R 2 is hydrogen and trimethyl orthovalerate 

25 will provide a compound where R2 is butyl. The reaction can be run in the absence of 

solvent or in an inert solvent such as toluene. The reaction is run with sufficient heating to 
drive off any alcohol or water formed as a byproduct of the reaction. Optionally, a 
catalyst such as pyridine hydrochloride can be included. 

Alternatively, step (3) can be carried out by (i) reacting the diamine of Formula 

30 XXXIV with an acyl halide of Formula R 2 C(0)C1 or R 2 C(0)Br and then (ii) cyclizing. In 
part (i), the acyl halide is added to a solution of the diamine in a suitable solvent such as 
pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product 
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of part (i) is heated in pyridine in the presence of pyridine hydrochloride. The product can 
be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme IV, a 4-phenoxy-li/-imidazo[4,5-c]pyridine acetate 
of Formula XXXV is hydrolyzed to provide a 4-phenoxy-l^-imidazo[4 9 5-c]pyridine 
alcohol of Formula XXXVI. The reaction is preferably carried out in methanol in the 
presence of potassium carbonate at an elevated temperature. The product can be isolated 
from the reaction mixture using conventional methods. 

In step (5) of Reaction Scheme IV, a 4-phenoxy-l#-imidazo[4,5-c]pyridine 
alcohol of Formula XXXVI is reacted with a compound of formula Halo-Ri_4 to provide a 
4-phenoxy-l/J r -imidazo[4,5-c]pyridine of Formula XXXII-4. The reaction can be carried 
out by first reacting the alcohol of Formula XXXVI with sodium hydride in a suitable 
solvent such as N,N-dimethylformamide to form the corresponding anion and then 
reacting the anion with a compound of formula Halo-Ri^. The product can be isolated 
from the reaction mixture using conventional methods. 

In step (6) of Reaction Scheme IV, a 4-phenoxy-lH-imidazo[4 5 5-c]pyridine of 
Formula XXXII-4 is aminated to provide a l/^imidazo[4,5-c]pyridin~4-amine of Formula 
1-4. The reaction can be carried out by combining a compound of Formula XXXII-4 with 
ammonium acetate and heating (140 - 160°C). Optionally, the reaction can be carried out 
in a pressure vessel. The product or a pharmaceutically acceptable salt thereof can be 
isolated using conventional methods. 
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Reaction Scheme IV 




Some embodiments of the invention including compounds of Formula XXXTX and 
intermediate compounds can be prepared according to Reaction Scheme V where R 2 , R 3 , 
R,, X, and Ph are as defined above, and Ru is aryl, substituted aryl, heteroaryl, or 

substituted heteroaryl. 

In step (1) of Reaction Scheme V, the alkyne bond of a 4-phenoxy-l#- 
imidazo[4,5-c]pyridine of Formula XXXVII, which is a subgenus of Formula XXXH-4 or 
XXXn-5, is reduced to form a 4-phenoxy^#-iinidazo[4,5-c]pyridine of Formula 
XXXVm, which is also a subgenus of Formula XXXH-4 or XXXII-5. Preferably, the 
reduction is carried out using a conventional heterogeneous catalyst such as platinum 
oxide, platinum on carbon, or palladium on carbon. The reaction can conveniently be 
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carried out on a Parr apparatus in a suitable solvent such as methanol. The product can be 
isolated from the reaction mixture using conventional methods. 

In step (2) of Reaction Scheme V, a 4-phenoxy4i/-imidazo[4,5-c]pyridine of 
Formula XXXWI is aminated to provide a lF-imidazo[4,5-c]pyridin-4--amine of Formula 
5 XXXIX, which a subgenus of Formula 1-4 or 1-5. The reaction can be carried out by 
combining a compound of Formula XXXVUI with ammonium acetate and heating (140 - 
160°C). Optionally, the reaction can be carried out in a pressure vessel. The product or a 
pharmaceutical^ acceptable salt thereof can be isolated using conventional methods. 

1 0 Reaction Scheme V 



OPh OPh 




1 5 Some embodiments of the invention including compounds of Formula 1-4 and 

intermediate compounds can be prepared according to Reaction Scheme VI where 

R M , R 2 , R3, R*, X, and Ph are as defined above. 

In step (1) of Reaction Scheme VI, a 2-chloro-3-nitropyridine of Formula XXDC-4, 

prepared as described in Reaction Scheme in, is reduced to provide a 2-chloropyridine- 
20 3,4-diamine of Formula XL. Preferably, the reduction is carried out using a conventional 

heterogeneous catalyst such as platinum on carbon or palladium on carbon. The reaction 

can be conveniently carried out on a Parr apparatus in a suitable solvent such as toluene. 
Alternatively in step (1), Ni 2 B can be generated in situ from sodium borohydride 

and NiCh in the presence of methanol. A compound of Formula XXIX-4 can be added to 
25 the resulting reducing agent solution to effect reduction of the nitro group. When a 

compound of Formula XXIX-4 contains an alkenyl, alkynyl, alkenylene or alkynylene 
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moiety, the Ni 2 B reducing agent can be used without reducing these moieties. The 
product can be isolated from the reaction mixture using conventional methods. 

In step (2) of Reaction Scheme VI, a 2-cMoropyridme-3,4-mamine of Formula XL 
is reacted with a carboxylic acid or an equivalent thereof to provide a 4-chloro-l#- 
inudazo[4,5-c]pyridine of Formula XLH. Suitable equivalents to a carboxylic acid include 
orthoesters, 1,1-dialkoxyalkyl alkanoates, corresponding acyl halides, and mixtures 
thereof. The carboxylic acid or equivalent is selected such that it will provide the desired 
R 2 substituent in a compound of Formula XLH. For example, triethyl orthoformate will 
provide a compound where R 2 is hydrogen and trimethyl orthovalerate will provide a 
compound where R 2 is butyl. The reaction can be run in the absence of solvent or in an 
inert solvent such as toluene. The reaction is run with sufficient heating to drive off any 
alcohol or water formed as a byproduct of the reaction. Optionally, a catalyst such as 
pyridine hydrochloride can be included. 

Alternatively, step (2) can be carried out by (2a) reacting the diamine of Formula 
XL with an acyl halide of Formula R 2 C(0)C1 or R 2 C(0)Br and then (2b) cyclizing. For 
example, in part (2a), the acyl halide is added to a solution of the diamine of Formula XL 
in an inert solvent such as dichloromethane or acetonitrile. The reaction can be carried out 
at ambient temperature. Optionally, a tertiary amine, for example triethylamine, is 
included. In part (2b), the product of part (2a), a compound of Formula XLI, is heated at 
reflux in a suitable solvent such as ethanol in the presence of triethylamine. The product 
can be isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme VI, a 4-chloro-l//-imidazo[4,5-c]pyridine of 
Formula XLII is reacted with sodium phenoxide to provide a 4-phenoxy-l/ttmidazo[4,5- 
c]pyridine of Formula XXXH-4. Phenol is reacted with sodium hydride in a suitable 
solvent such as diglyme (bis(2-methoxyethyl) ether) to form the phenoxide. The 
phenoxide is then reacted at an elevated temperature with a compound of Formula XLH. 
The product can be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme VI, a 4-phenoxy-lH-imidazo[4,5-c]pyridine of 
Formula XXXH-4 is aminated to provide a l/f-imidazo[4,5-c]pyridin-4-amine of Formula 
1-4. The reaction can be carried out by combining a compound of Formula XXXH-4 with 
ammonium acetate and heating (140 - 160°C). Optionally, the reaction can be carried out 
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in a pressure vessel. The product or a pharmaceutically acceptable salt thereof can be 
isolated using conventional methods. 



Reaction Scheme VI 




Some embodiments of the invention including compounds of Formulas XLV-1, 
XLV-2, XLV-3, XLVI-1, XLVI-2, XLVI-3, and intermediate compounds can be prepared 
10 according to Reaction Scheme VII where Rm, 2, 3 (R1-1. R1-2, R1-3), R2, Re, R>, and X are as 
defined above, Rta is -Br or -N0 2 , and R^ is C 2 -io alkynyl and C1-10 alkyl. 

In step (1) of Reaction Scheme VII, bromination or nitration of a (4-amino-lif- 
imidazo[4,5-c]pvridinyl)acetamide of Formula Via provides a (7-substimted)-(4-amino- 
l//-imidazo[4,5-c]pyridinyl)acetamide of Formula XLIV. The bromination reaction can 
1 5 be carried out by treating the acetamide of Formula Via in a solution of acetic acid with 
bromine and potassium acetate at ambient temperature. The direct nitration reaction can 
be carried out by treating the acetamide of Formula Via with one equivalent of nitric acid 
in the presence of excess acetic acid and heating the reaction, optionally, at reflux. The 
product can be isolated using conventional methods. 
20 In step (2) of Reaction Scheme VII, a (7-substimted)<4-amino-17f-imidazo[4,5- 

c]pyridinyl)acetamide of Formula XLIV is hydrolyzed under acidic conditions to provide 
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a (7-substituted)-l//-imidazo[4,5-c]pyridin-4-amine of Formula Ha, which is a subgenus 
of compounds of Formula JL Preferably, a compound of Formula XLIV is treated with 
hydrochloric acid/ethanol at an elevated temperature, for example, at reflux. The product 
can be isolated using conventional methods. 
5 In step (3) of Reaction Scheme VH, a immidazo[4,5-c]pyridm-4-amine of 

Formula Ha is converted to a lif-imidazo[4,5-c]pyridin-4-amine of Formula XLV-1, 
XLV-2, or XLV-3 using conventional methods. Formulas XLV-1 , XLV-2, and XLV-3 
are subgenera of Formulas 1-1, 1-2, and 1-3, respectively. For example, sulfonamides of 
Formula XLV-2 can be prepared by reacting a compound of Formula Ha with a sulfonyl 
1 0 chloride of Formula RaS(0 2 )Cl, where R a is Rg-alkyl, Rg-alkenyl, R 8 -aryl, R 8 -heteroaryl or 
Rs-heterocyclyl. The reaction can be carried out by adding the sulfonyl chloride to a 
solution of a compound of Formula Ila in a suitable solvent such as chloroform at ambient 
temperature. Sulfamides of Formula XLV-2 can be prepared by reacting a compound of 
Formula Ha with sulfuryl chloride to generate a sulfamoyl chloride in situ, and then 
1 5 reacting the sulfamoyl chloride with an amine of Formula HNRsRa- The product or a 
pharmaceutical^ acceptable salt thereof can be isolated using conventional methods. 

Amides of Formula XLV-1 can be prepared from ltf-imidazo[4,5-c]pyridin-4- 
amines of Formula Ila using conventional methods. For example, a compound of Formula 
na can be reacted with an acid chloride of Formula R.C(0)C1, where R a is Rg-alkyl, Rs- 
20 alkenyl, R 8 -aryl, R 8 -heteroaryl or Rs-heterocyclyl. The reaction can be carried out by 
adding the acid chloride to a solution of a compound of Formula Ha in a suitable solvent 
such as chloroform, optionally in the presence of a base such as triethylamine, at ambient 
temperature. The product or a pharmaceutically acceptable salt thereof can be isolated 

using conventional methods. 
25 Ureas and thioureas of Formula XLV-3 can be prepared from l//-imidazo[4,5- 

c]pyridin-4-amines of Formula na using conventional methods. For example, a compound 
of Formula Ila can be reacted with an isocyanate of Formula R a N=C=0, where R a is Rs- 
alkyl, Rg-alkenyl, Rs-aryl, R 8 -heteroaryl or R 8 -heterocyclyl. The reaction can be carried 
out by adding the isocyanate to a solution of a compound of Formula Ila in a suitable 
30 solvent such as chloroform, optionally in the presence of a base such as triethylamine, at 
ambient temperature. Alternatively, a compound of Formula Ha can be reacted with a 
thioisocyanate of Formula R a N=C=S, a sulfonyl isocyanate of Formula R a S(0 2 )N=C=0 or 
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a carbamoyl chloride of Formula RaNC(0)Cl. The product or a pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 

* 

In step (4) of Reaction Scheme VII, a ltf-imida2»[4,5-c]pyridm-4-amine of 
Formula XLV-1, XLV-2, or XLV-3 undergoes a coupling reaction with a C 2 -io alkyne, 
conveniently by means of a palladium complex to provide a lif-imidazo[4,5-c]pyridin-4- 
amine of Formula XLVI-1, XLVI-2, or XLVI-3, which are subgenera of Formulas 1-1, 1-2, 
and 1-3, respectively. The alkyne is added to a solution of a compound of Formula XLV- 
1, XLV-2, or XLV-3 in a suitable solvent such as acetonitrile in the presence of a 
palladium catalyst, for example, mcMorobis(triphenylphosphine)paUadium (H), copper (I) 
iodide, and a base such as triethylamine. The reaction can be heated at an elevated 
temperature. When Rh, is C2-10 alkynyl, reduction as described in step (1) of Reaction 
Scheme V can be used to convert lUb to C 2 -io alkyl. The product or a pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 



Reaction Scheme VII 
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Some embodiments of the invention including compounds of Formula XVm and 
intermediate compounds can be prepared according to Reaction Scheme VHI where R W) 

R 2 , R 3 , Rt, and X are as defined above. 

In step (1) of Reaction Scheme Vffl, a 2-chloro-3-nitropyridine of Formula XH is 

5 reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5-fl]pyridine of Formula 
XLVH. The reaction can be carried out by combining the compound of Formula XH with 
an alkali metal azide, for example, sodium azide, in a suitable solvent such as anhydrous 
MN-dimethylformamide, and heating to about 50 - 100 °C, optionally in the presence of 
ammonium chloride. Alternatively, the reaction can be carried out by combining the 

1 0 compound of Formula XII with an alkali metal azide, for example, sodium azide, in a 
suitable solvent such as 90/10 acetonitrile/H 2 0 in the presence of cerium IE chloride, 
preferably cerium III chloride heptahydrate, optionally with heating, for example, at 
reflux. The product can be isolated from the reaction mixture using conventional methods. 
In step (2) of Reaction Scheme Vffl, an 8-nitrotetrazolo[l,5-a]pyridine of Formula 

1 5 XLVII is chlorinated using conventional chlorinating agents to provide an 8- 

nitrotetrazolo[l,5-a]pyridine of Formula XLVffl. Preferably, the reaction is carried out by 
combining a compound of Formula XLVII with thionyl chloride in a suitable solvent such 

as dichloromethane and heating. 

In step (3) of Reaction Scheme Vffl, an 8-nitrotetrazolo[l,5-a]pyridine of Formula 
20 XLVm is reduced to provide a tetrazolo[l,5-a]pyridine-7,8-diamine of Formula XLIX. 
Preferably, the reduction is carried out using a conventional heterogeneous catalyst such as 
platinum on carbon. The reaction can be conveniently carried out on a Parr apparatus in a 

suitable solvent such as toluene. 

Alternatively in step (3), Ni 2 B can be generated in situ from sodium borohydride 

25 and NiCl 2 in the presence of methanol. A compound of Formula XLVffl can be added to 
the resulting reducing agent solution to effect reduction of the nitro group. When a 
compound of Formula XLVffl contains an alkenyl, alkynyl, alkenylene or alkynylene 
moiety, the Ni 2 B reducing agent can be used without reducing these moieties. The 
product can be isolated from the reaction mixture using conventional methods. 

30 In step (4) of Reaction Scheme Vffl, a tetrazolo[l ,5-a]pyridme-7,8-diamine of 

Formula XLIX is reacted with a carboxylic acid or an equivalent thereof to provide a 1H- 
imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula L. Suitable equivalents to a carboxylic 
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acid include, for example, orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic 
acid or equivalent is selected such that it will provide the desired R 2 substituent in a 
compound of Formula L. For example, triethyl orthoformate will provide a compound 
where R 2 is hydrogen, and trimethyl orthovalerate will provide a compound where R 2 is 
butyl. The reaction can be run in the absence of solvent or in an inert solvent such as 
toluene. The reaction is run with sufficient heating to drive off any alcohol or water 
formed as a byproduct of the reaction. Optionally, a catalyst such as pyridine 
hydrochloride can be included. 

Alternatively, step (4) can be carried out by (i) reacting the diamine of Formula 
XLDC with an acyl halide of Formula R 2 C(0)C1 or R 2 C(0)Br and then (ii) cyclizing. In 
part (i), the acyl halide is added to a solution of the diamine in a suitable solvent such as 
pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product 
of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 

In step (5) of Reaction Scheme VIII, a 7H-imidazo[4,5-c]tetrazolo[l,5-a]pyridine 
of Formula L is reacted with a compound of Formula Ri- 6 SNa to provide a 1H- 
imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LI. Preferably, a thiol of the Formula 
R^SH is reacted with sodium hydride in a suitable solvent such as N,N- 
dimethylformamide to generate the anion, which is then reacted with a compound of 
Formula L. 

In step (6) of Reaction Scheme VIII, a 7H-imidazo[4,5-c]tetrazolo[l,5-a]pyridine 
of Formula LI is oxidized to provide a 7i/-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of 
Formula LH Preferably, a solution of a compound of Formula LI in a suitable solvent 
such as chloroform or dichloromethane is treated with 3-chloroperoxybenzoic acid. The 
degree of oxidation is controlled by adjusting the amount of 3-chloroperoxybenxzoic acid 
used in the reaction; i.e., using approximately one equivalent will provide the sulfoxide 
whereas using two equivalents will provide the sulfone. The product can be isolated using 

conventional methods. 

In step (7) of Reaction Scheme VIE a 7//-imidazo[4,5-c]tetrazolo[l,5-a]pyridine 

of Formula LII is reacted with triphenylphosphine to form an iV-triphenylphosphinyl 

compound of Formula Lin. The reaction with triphenylphosphine can be run in a suitable 

solvent such as toluene or 1,2-dichlorobenzene under an atmosphere of nitrogen with 

heating, for example at the reflux temperature. 
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In step (8) of Reaction Scheme VIII an N^riphenylphosphinyl compound of 
Formula LEU is hydrolyzed to provide a liZ-imidazo^^-clpyridin^-ainine of Formula 
XVEfl, which is a subgenus of Formula 1-6. The hydrolysis can be carried out by general 
methods well known to those skilled in the art, for example, by heating in a lower alkanol 

5 in the presence of an inorganic acid, such as hydrochloric acid. The product can be 
isolated from the reaction mixture using conventional methods as the compound of 
Formula XVHI or as a pharmaceutical^ acceptable salt thereof. 

Alternatively, steps (7) and (8) of Reaction Scheme VIE can be omitted, and the 
tetrazolo ring can be reductively removed from a 7#-imidazo[4,5-c]tetrazolo[l,5- 

10 a]pyridine of Formula LII to provide a lH-imidazo[4,5-c]pyridin-4-ainine of Formula 
XVIII. The reaction can be carried out by reacting the 7//-imidazo[4,5-c]tetrazolo[l ,5- 
a]pyridine of Formula LII with hydrogen in the presence of an catalyst and an acid. The 
reaction can be conveniently run in a Parr apparatus with a suitable catalyst, such as 
platinum IV oxide, and a suitable acid, such as trifluoroacetic acid or concentrated 

1 5 hydrochloric acid. The product can be isolated from the reaction mixture using 
conventional methods. 
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Reaction Scheme VIII 




Some embodiments of the invention including compounds of Formula XVHIa and 
intermediate compounds can be prepared according to Reaction Scheme IX where R 2 , R 3 , 
R,, and X are as defined above, R' and R" are independently hydrogen or C,., 0 alkyl, and 

Et is ethyl. 

In step (1) of Reaction Scheme IX a 7H-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of 
Formula Llla, which is a subgenus of Formula LH, is hydrolyzed to provide a 1H- 
imidazo[4,5-c]tetrazolo[l ,5-a]pyridine of Formula Lllb. The reaction can be carried out 
under conventional saponification conditions by treating the ester with aqueous sodium 
hydroxide in a suitable solvent or solvent mixture such as tetrahydrofuran/methanol. The 
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reaction can be optionally carried out with heating. The reaction mixture is acidified in a 
subsequent step by stirring with, for example, hydrochloric acid to provide the carboxylic 
acid. 

In step (2) of Reaction Scheme IX a 7H-imidazo[4,5-c]tetrazolo[l,5-fl]pyridine of 
5 Formula Lllb, which is a subgenus of Formula LH, is converted to a 7tf-imidazo[4,5- 
c ]tetrazolo[l,5-a]pyridine acid chloride of Formula LTV. The reaction can be carried out 
by combining a compound of Formula Lllb with oxalyl chloride or thionyl chloride in a 
suitable solvent such as dichloromethane and, optionally, heating. 

In step (3) of Reaction Scheme DC a 7H-imidazo[4,5-c]tetrazolo[l,5-a]pyridine 
10 acid chloride of Formula UV is converted to a 7if-imidazo[4,5-c]tetrazolo[l,5-a]pyridine 
amide of Formula LHc, which is a subgenus of Formula LII. The reaction can be carried 
out by combining a compound of Formula LIV with an amine in a suitable solvent such as 
dichloromethane and stirring at ambient temperature. 

In step (4) of Reaction Scheme IX a 7//-imidazo[4,5-c]tetrazolo[l,5-a]pyridine 

15 amide of Formula LHc is reacted with triphenylphosphine to form an N- 

triphenylphosphinyl compound of Formula LlUa, which is a subgenus of Formula Lffl. 
The reaction with triphenylphosphine can be run in a suitable solvent such as toluene or 
U-dichlorobenzene under an atmosphere of nitrogen with heating, for example at the 
reflux temperature. 

20 In step (5) of Reaction Scheme DC an W-triphenylphosphinyl compound of Formula 

LlUa is hydrolyzed to provide a l/f-imidazo[4,5-c]pyridm-4-amine of Formula XVEIa, 
which is a subgenus of Formula XVm, which in turn is a subgenus of Formula 1-6. The 
hydrolysis can be carried out by general methods well known to those skilled in the art, for 
example, by heating in a lower alkanol in the presence of an inorganic acid, such as 

25 hydrochloric acid. The product can be isolated from the reaction mixture using 

conventional methods as the compound of Formula XVIHa or as a pharmaceutically 

acceptable salt thereof. 

Alternatively, steps (4) and (5) of Reaction Scheme DC can be omitted, and the 
tetrazolo ring can be reductively removed from a 7//-imidazo[4,5-c]tetrazolo[l,5- 
30 fl]pyridine amide of Formula LHc to provide a l/Mmidazo[4,5-c]pyridm-4-amine of 
Formula XVIHa. The reaction can be carried out by reacting the 7#-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridine amide of Formula LHc with hydrogen in the presence of an 
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catalyst and an acid. The reaction can be conveniently run in a Parr apparatus with a 
suitable catalyst, such as platinum W oxide, and a suitable acid, such as trifluoroacetic 
acid or concentrated hydrochloric acid. The product can be isolated from the reaction 
mixture using conventional methods. 

5 

Reaction Scheme DC 
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1 0 Some embodiments of the invention including compounds of Formulas I- 1,1-2, 1- 

3, and intermediate compounds can be prepared according to Reaction Scheme X where 
Ri-i.2,3 (Ri-i> Ri-2, and R u i), R2, R>, R>, Rs, R9, Rio, R12 and X are as defined above, and 
BOC is tert-butoxycarbonyl. 

In step (1) of Reaction Scheme X a 2-chloro-3-nitropyridine of Formula XXV is 

1 5 reacted with an alkali metal azide to provide an 8-nitrotetrazolo[ 1 ,5-a]pyridine of Formula 
LV. The reaction can be carried out as described in step (1) of Reaction Scheme VHI. 
The product can be isolated from the reaction mixture using conventional methods. 
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In step (2) of Reaction Scheme X, an 8-nitrotetrazolo[l,5-a]pyridine of Formula 
LV is reduced to provide a tetrazolo[l,5-a]pyridme-7,8-diarnine of Formula LVI. The 
reduction can be carried out as described in step (3) of Reaction Scheme Vm. 

In step (3) of Reaction Scheme X, a tetrazolo[l,5-a]pyrimne-7,8Khamine of 
Formula LVI is reacted with a carboxylic acid or an equivalent thereof to provide a 1H- 
imidazo[4,5-c]tetrazolo[l,5-fl]pyridine of Formula LVH. The reaction can be carried out 
as described in step (4) of Reaction Scheme VTH. 

In step (4) of Reaction Scheme X, the BOC group of a 7#-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridine of Formula LVH is removed to provide a 7iWmidazo[4,5- 
c]tetrazolo[l,5-a]pyridine of Formula LVIH. The reaction can be carried out by treating a 
solution of a 7if-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LVH in a suitable 
solvent such as, for example, dichloromethane with an acid, preferably trifluoroacetic acid, 
at ambient temperature. The product can be isolated from the reaction mixture using 

conventional methods. 

In step (5) of Reaction Scheme X a 7iWmidazo[4,5-c]tetrazolo[l,5-a]pyridine of 
Formula LVIH is converted to a 7i/-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula 
LIX-1, LDC-2, or LIX-3 using conventional methods. For example, sulfonamides of 
Formula LIX-2 can be prepared by reacting a compound of Formula LVIH with a sulfonyl 
chloride of Formula R a S(0 2 )Cl, where R> is R 8 -alkyl, Rg-alkenyl, R 8 -aryl, R 8 -heteroaryl or 
Rj-heterocyclyl. The reaction can be carried out by adding the sulfonyl chloride to a 
solution of a compound of Formula LVHI in a suitable solvent such as chloroform at 
ambient temperature. Sulfamides of Formula LIX-2 can be prepared by reacting a 
compound of Formula LVIH with sulfuryl chloride to generate a sulfamoyl chloride in 
situ, and then reacting the sulfamoyl chloride with an amine of Formula HNR 5 Ra- The 
product or a pharmaceutically acceptable salt thereof can be isolated using conventional 
methods. 

In another example, a 7/f-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LVIH 
is reacted with a chloroalkanesulfonyl chloride of formula Cl-Ri 2 -S(0)2Cl to provide a 
subgenus of compounds of Formula LIX-2 wherein R 9 and Rio join to form a ring having 
the structure 
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— N— S(0) 2 
R 12 

The reaction is preferably carried out by adding the chloroalkanesulfonyl chloride to a 
solution of a compound of Formula LVm in a suitable solvent such as dichioromethane in 
the presence of a base such as triethylamine. The intermediate chloroalkanesulfonamide 
may optionally be isolated before treatment with a stronger base such as 1,8- 
diazabicyclo[5.4.0]undecene-7 (DBU) at ambient temperature. If the intermediate 
chloroalkanesulfonamide is isolated, the reaction with DBU can be carried out in a 
suitable solvent such as ^-dimethylformamide. The product or a pharmaceutic ally 
acceptable salt thereof can be isolated using conventional methods. 

Amides of Formula LDC-1 can be prepared from 7i/-imidazo[4,5-c]tetrazolo[l,5- 
a]pyridine of Formula LVEQ using conventional methods. For example, a compound of 
Formula LVm can be reacted with an acid chloride of Formula RaC(0)Cl where is Rg- 
alkyl, R 8 -alkenyl, Rg-aryl, Rg-heteroaryl or Rg-heterocyclyl. The reaction can be carried 
out by adding the acid chloride to a solution of a compound of Formula LVIH in a suitable 
solvent such as chloroform, optionally in the presence of a base such as triethylamine, at 
ambient temperature. The product can be isolated using conventional methods. 

In another example, a 7H-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LVIH 
is reacted with a chloroalkanoyl chloride compound of formula Cl-Ri 2 -C(0)Cl to provide 
a subgenus of compounds of Formula LDC-1 wherein R 9 and Rio join to form a ring having 
the structure 



— N — C(O) 




The reaction is preferably carried out by adding the chloroalkanoyl chloride compound to 
a solution of a compound of Formula LVm in a suitable solvent such as dichioromethane 
in the presence of a base such as triethylamine. The intermediate chloroalkanamide may 
optionally be isolated before treatment with a stronger base such as 1 ,8- 
diazabicyclo[5.4.0]undecene-7 (DBU) at ambient temperature. If the intermediate 
chloroalkanamide is isolated, the reaction with DBU can be carried out in a suitable 
solvent such as 7^-dimethylformamide. The product can be isolated using conventional 
methods. 
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Ureas and thioureas of Formula LIX-3 can be prepared from 7tf-irnidazo[4,5- 
c]tetrazolo[l,5-a]pyridine of Formula LVm using conventional methods. For example, a 
compound of Formula LVHI can be reacted with an isocyanate of Formula ^=0=0 
where Ra is R 8 -alkyl, Rg-alkenyl, Rg-aryl, Rg-heteroaryl or Rg-heterocyclyl. The reaction 
can be carried out by adding the isocyanate to a solution of a compound of Formula LVEI 
in a suitable solvent such as chloroform, optionally in the presence of a base such as 
triethylamine, at ambient temperature. Alternatively, a compound of Formula LVIE can 
be reacted with a thioisocyanate of Formula RaN=C=S, a sulfonyl isocyanate of Formula 
RaS(0 2 )N=C=0 or a carbamoyl chloride of Formula RaNC(0)Cl. The product can be 

isolated using conventional methods. 

hi step (6) of Reaction Scheme X a7//-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of 

Formula LIX-1, LIX-2, or LIX-3 is reacted with triphenylphosphine to form an N- 
triphenylphosphinyl compound of Formula LX-1, LX-2, or LX-3. The reaction with 
triphenylphosphine can be run in a suitable solvent such as toluene or 1 ,2-dichlorobenzene 
under an atmosphere of nitrogen with heating, for example at the reflux temperature. 

In step (7) of Reaction Scheme X an N-triphenylphosphinyl compound of Formula 
LX-1, LX-2, or LX-3 is hydrolyzed to provide a l#-imidazo[4,5-c]pyridin-4-aniine of 
Formula 1-1, 1-2, or 1-3. The hydrolysis can be carried out by general methods well known 
to those skilled in the art, for example, by heating in a lower alkanol in the presence of an 
inorganic acid such as hydrochloric acid. The product can be isolated from the reaction 
mixture using conventional methods as the compound of Formula 1-1, 1-2, or 1-3 or as a 
pharmaceutically acceptable salt thereof. 

Alternatively, steps (6) and (7) of Reaction Scheme X can be omitted, and the 
tetrazolo ring can be reductively removed from a 7#-imidazo[4,5-c]tetrazolo[l,5- 
fl]pyridine of Formula LIX-1, LIX-2, or LDC-3 to provide a l^imidazo[4,5-c]pyridin-4- 
amine of Formula 1-1, 1-2, or 1-3. The reaction can be carried out by reacting the 1H- 
imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LIX-1, LIX-2, or LLX-3 with hydrogen 
in the presence of an catalyst and an acid. The reaction can be conveniently run in a Parr 
apparatus with a suitable catalyst, such as platinum IV oxide, and a suitable acid, such as 
trifluoroacetic acid or concentrated hydrochloric acid. The product can be isolated from 
the reaction mixture using conventional methods. 
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Reaction Scheme X 




Some embodiments of the invention including compounds of Formula 1-4, 1-5, and 
intermediate compounds can be prepared according to Reaction Scheme XI where 
Ri-4, 5 (Ri-4 and Ri_ 5 ), R 2 , R3, R4, and X are as defined above. 

In step (1) of Reaction Scheme XI, a 2-chloro-3-nitropyridine of Formula XXDt-4 
or XXDC-5 is reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5- 
a]pyridine of Formula LXII-4 or LXH-5. The reaction can be carried out as described in 
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step (1) of Reaction Scheme VIE. The product can be isolated from the reaction mixture 

using conventional methods. 

In step (2) of Reaction Scheme XI, an 8-nitrotetrazolo[l,5-a]pyridine of Formula 
LXII-4 or LXQ-5 is reduced to provide tetrazolo[l,5-a]pyridine-7 5 8-diamine of Formula 
LXm-4 or LXIII-5. The reduction can be carried out as described in step (3) of Reaction 
Scheme Vffl. 

# 

The product can be isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme XI, a tetrazolo[l,5-a]pyridine-7,8-diamine of 
Formula LXIH-4 or LXIII-5 is reacted with a carboxylic acid or an equivalent thereof to 
provide a 7i/-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LDC-4 or LDC-5. The 
reaction can be carried out as described in step (4) of Reaction Scheme VHI. The product 
can be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme XI, a 77/-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of 
Formula LIX-4 or LIX-5 is reacted with triphenylphosphine to form an N- 
triphenylphosphinyl compound of Formula LX-4, or LX-5. The reaction can be carried out 
as described in step (6) of Reaction Scheme X. The product can be isolated from the 
reaction mixture using conventional methods. 

In step (5) of Reaction Scheme XI an A^triphenylphosphinyl compound of Formula 
LX-4, or LX-5 is hydrolyzed to provide a l/f-imidazo[4,5-c]pyridin-4-amine of Formula 
1-4 or 1-5. The hydrolysis can be carried out as described in step (7) of Reaction Scheme 
X. The product can be isolated from the reaction mixture using conventional methods as 
the compound of Formula 1-4, or 1-5 or as a pharmaceutical^ acceptable salt thereof. 

Alternatively, steps (4) and (5) of Reaction Scheme XI can be omitted, and the 
tetrazolo ring can be reductively removed from a 7//-imidazo[4,5-c]tetrazolo[l,5- 
a]pyridine of Formula LIX-4 or LIX-5 to provide a l^-imidazo[4,5-c]pyridin-4-amine of 
Formula 1-4 or 1-5. The reaction can be carried out by reacting the 7#-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridine of Formula LIX-4 or LIX-5 with hydrogen in the presence of an 
catalyst and an acid. The reaction can be conveniently run in a Parr apparatus with a 
suitable catalyst, such as platinum IV oxide, and a suitable acid, such as trifluoroacetic 
acid or concentrated hydrochloric acid. The product can be isolated from the reaction 
mixture using conventional methods. 
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Reaction Scheme XI 

5 




Some embodiments of the invention including compounds of Formula 1-5 and 
10 intermediate compounds can be prepared according to Reaction Scheme XII where 
Ri. 5> R 2 , R3, R4, X, and Ac are as defined above. 

In step (1) of Reaction Scheme XII, a 2-chloro-3-nitropyridine of Formula XH is 
esterified to provide a 2-chloro-3-nitropyridine acetate of Formula LXVI. Preferably, the 
esterification is carried out using acetic anhydride in a suitable solvent such as anhydrous 
1 5 dichloromethane in the presence of pyridine and catalytic 4-dimethylaminopyridine 
(DMAP). The product can be isolated from the reaction mixture using conventional 
methods. 

In step (2) of Reaction Scheme XII, a 2-chloro-3-nitropyridine of Formula LXVI is 
reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5-a]pyridine of Formula 
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LXVH. The reaction can be carried out as described in step (1) of Reaction Scheme VUI. 

The product can be isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme XH, an 8-nitrotetrazolo[l,5-a]pyridine of Formula 

LXVn is reduced to provide tetrazolo[l,5-a]pyridine-7,8-diamine of Formula LXVHI. 
5 The reduction can be carried out as described in step (3) of Reaction Scheme VIE. The 

product can be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme XH, a tetrazolo[l ,5-a]pyridine-7,8-diamine of 

Formula LXVIH is reacted with a carboxylic acid or an equivalent thereof to provide a 

7H-imidazo[4,5-c]tetrazolo[l > 5-a]pyridine of Formula LXTX. The reaction can be carried 
10 out as described in step (4) of Reaction Scheme Vm. The product can be isolated from 

the reaction mixture using conventional methods. 

In step (5) of Reaction Scheme XII, a 7^-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of 
Formula LXDC is hydrolyzed using conventional methods to provide a 77f-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridine of Formula LXX. For example, the reaction can be 
1 5 conveniently carried out by adding potassium carbonate to a 7/^imidazo[4,5- 

c]tetrazolo[l,5-a]pyridine of Formula LXTX dissolved in methanol at an elevated 
temperature. The product can be isolated from the reaction mixture using conventional 
methods. 

In step (6) of Reaction Scheme XII, a7#-imidazo[4,5-cjtetiazolo[l,5-a]pyridine of 
20 Formula LXX is reacted with 3-bromopropyne to provide a 7#-imidazo[4,5- 

c]tetrazolo[l,5-a]pyridine of Formula LXXI. The reaction can be carried out by adding 3- 
bromopropyne to 7H-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LXX under phase 
transfer conditions with catalytic benzyltrimethylarnmonium chloride in a mixture of a a 
suitable solvent such as dichloromethane and 50% aqueous sodium hydroxide. The 
25 product can be isolated from the reaction mixture using conventional methods. 

In step (7) of Reaction Scheme XH, 7/f-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of 
Formula LXXI is reacted with a heteroarylbromide or heterocyclylbromide to provide a 
7#-imidazo[4,5-c]tetrazolo[l ,5-a]pyridine of Formula LIX-5. The reaction can be carried 
out by coupling a heteroarylbromide, for example, 5-bromopyrimidine, or 
30 heterocyclylbromide with the alkyne group of a 7i/-imidazo[4,5-c]tetrazolo[l,5- 

a]pyridine of Formula LXXI. The coupling reaction can proceed through a palladium 
complex, generated from a palladium catalyst, for example 
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dichlorobis(triphenylphosphine)palladium (II), in the presence of copper (I) iodide and a 
base such as triethylamine. The reaction is carried out in a suitable solvent such as NJf- 
dimethylformamide and can be heated at an elevated temperature. The product can be 
isolated from the reaction mixture using conventional methods. 
5 In step (8) of Reaction Scheme XH, a 7//-inudazo[4,5-c]tetrazolo[l,5-a]pyridine of 

Formula LIX-5 is reacted with triphenylphosphine to form an JV-triphenylphosphinyl 
compound of Formula LX-5. The reaction can be carried out as described in step (6) of 
Reaction Scheme X. The product can be isolated from the reaction mixture using 

conventional methods. 
10 In step (9) of Reaction Scheme XII, an iV-triphenylphosphinyl compound of 

Formula LX-5 is hydrolyzed to provide a l//-iimdazo[4,5-c]pyridin-4-amine of Formula I- 
5. The hydrolysis can be carried out as described in step (7) of Reaction Scheme X. The 
product can be isolated from the reaction mixture using conventional methods as the 
compound of Formula 1-5 or as a phaimaceutically acceptable salt thereof. 

1 5 Alternatively, steps (8) and (9) of Reaction Scheme XII can be omitted, and the 

tetrazolo ring can be reductively removed from a 7tf-imidazo[4,5-c]tetrazolo[l,5- 
a]pyridine of Formula LEX-5 to provide a m-mfrdazo[4,5-c]pyridm-4-amine of Formula 
1-5. The reaction can be carried out by reacting the 7tf-imidazo[4,5-c]tetrazolo[l,5- 
a]pyridine of Formula LIX-5 with hydrogen in the presence of an catalyst and an acid. 

20 The reaction can be conveniently run in a Parr apparatus with a suitable catalyst, such as 
platinum IV oxide, and a suitable acid, such as trifluoroacetic acid or concentrated 
hydrochloric acid. The product can be isolated from the reaction mixture using 
conventional methods. 
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Reaction Scheme XII 
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Some embodiments of the invention including compounds of Formulas LXXVU-l, 
LXXVII-2, LXXVII-3, and intermediate compounds can be prepared according to 
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Reaction Scheme XHI where R\-w C^w. R i-2, and R1.3), R2, R*> R9, X, and BOC are as 
defined above, Tf is rifluoromethylsulfonyl, and PMB is 4-methoxybenzyl. 

In step (1) of Reaction Scheme XHI malonyl dichloride is stirred with 
propanenitrile at ambient temperature to provide 6-chloro-4-hydroxy-5-methylpyridin- 
2(ltf)-one hydrochloride hydrate, which precipitates from the solution. 

In step (2) of Reaction Scheme Xffl, direct nitration of 6-chloro-4-hydroxy-5- 
methylpyridin-2(l#)-one hydrochloride hydrate is carried out in excess sulfuric acid and 
one equivalent of nitric acid to provide 6-chloro-4-hydroxy-5-methyl-3-nitropyridin- 
2(lfl)-one. The reaction is run at a reduced temperature. The product conveniently can be 
precipitated from the solution by the addition of ice water. 

In step (3) of Reaction Scheme XHI, 6-chloro-4-hydroxy-5-methyl-3-nitropyridin- 
2(l#)-one is converted to the triflate of Formula LXXH. The reaction can be carried out 
by adding trifluoromethanesulfonic anhydride to a solution of 6-chloro-4-hydroxy-5- 
methyl-3-nitxopyridin-2(l#)-one in a suitable solvent such as dichloromethane in the 
presence of a base such as triethylamine. The reaction can be carried out at sub-ambient 
temperatures. An amine of Formula XXIV is then added to the reaction at ambient 
temperature to provide a pyridine of Formula LXXH. The product can be isolated from 
the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme XIII, the triflate group of a compound of Formula 
LXXH is displaced with bis(4-methoxybenzyl)amine to provide a pyridine of Formula 
LXXHL The reaction can be carried out in the presence of a base such as triethylamine 
and in a suitable solvent such as toluene. The reaction is conveniently carried out at 
elevated temperatures. The product can be isolated from the reaction mixture using 
conventional methods. 

In step (5) of Reaction Scheme XHI, the nitro group of a compound of Formula 
LXXm is reduced to provide a pyridine-7,8-diamine of Formula LXXIV. The reaction 
can be carried out by the addition of sodium borohydride and nickel chloride to a solution 
of a compound of Formula LXXIH in a suitable solvent or solvent mixture such as 
methanol/dichloromethane at ambient temperature. The product can be isolated from the 
reaction mixture using conventional methods. 

In step (6) of Reaction Scheme XIII, a pyridine-7,8-diamine of Formula LXXIV 
reacts with a carboxylic acid or an equivalent thereof to provide an imidazo[4,5-c]pyridine 
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of Formula LXXV. The reaction can be carried out as described in step (4) of Reaction 
Scheme Vm. 

In step (7) of Reaction Scheme XIH, an imidazo[4,5-c]pyridine of Formula LXXV 
is deprotected under acidic conditions to provide a l#-imidazo[4,5-c]pvridin-4-aniine of 
5 Formula LXXVL The reaction can be carried out by dissolving an imidazo[4,5-c]pyridine 
of Formula LXXV in trifluoroacetic acid and stirring at ambient temperature. Optionally, 
the reaction can be carried out in a suitable solvent such as dichloromethane. 

In step (8) of Reaction Scheme XIH, a ltf-iimdazo[4,5-c]pyridm-4-amine of 
Formula LXXVI is converted to a lH-imidazo[4,5-c]pyridin-4-amine of Formula 
10 LXXVH-1,2,3, which is a subgenus of Formula 1-1, 1-2, and 1-2, using conventional 

methods. The reaction can be carried out as described in step (1 1) of Reaction Scheme H. 
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Reaction Scheme XHI 
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It is understood that one skilled in the art will select the appropriate reaction 
schemes and steps therein to prepare a compound described in the various aspects and 
embodiments of the invention to avoid or minimize undesired or conflicting reactions. For 
example, when R 3 is chloro a reaction scheme which does not involve a tetrazolo 
intermediate can be selected. Reduction of a nitro group at R 3 or R4 can be avoided by 
placement on the pyridine ring after reduction of the nitro group at the 3-position of the 
pyridine ring. When an alkenyl, alkynyl, alkenylene, or alkynylene group is present, 
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reduction of the nitro group at the 3-position of the pyridine ring can be carried out by 
using the Ni 2 B reduction without reducing the alkenyl, alkynyl, alkenylene, or alkynylene 
group. When removing a tetrazolo ring in the presence of a readily reducible group such 
as an alkenyl or heteroaryl group, the formation of an Attriphenylphosphinyl compound 
5 followed by hydrolysis can be used in place of the reductive removal to preserve , for 
example, the alkenyl or heteroaryl group. 

The term "non-interfering substituents" refers to R x , Ry, and R z groups which do 
not prevent a compound of Formula la from inducing the biosynthesis of one or more 
cytokines. Illustrative non-interfering R x groups include those described above for R 2 . 
1 0 Illustrative non-interfering R Y and R z groups include those described above for R 3 and R». 

As used herein, the terms "alkyl", "alkenyl", "alkynyl" and the prefix "alk-" are 
inclusive of both straight chain and branched chain groups and of cyclic groups, i.e. 
cycloalkyl and cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 
20 carbon atoms, with alkenyl groups containing from 2 to 20 carbon atoms, and alkynyl 
1 5 groups containing from 2 to 20 carbon atoms. Preferred groups have a total of up to 1 0 
carbon atoms, for example, up to 8 carbon atoms, up to 6 carbon atoms, and up to 4 carbon 
atoms. Cyclic groups can be monocyclic or polycyclic and preferably have from 3 to 10 
ring carbon atoms. Exemplary cyclic groups include cyclopropyl, cyclopropylmethyl, 
cyclopentyl, cyclohexyl, adamantyl, and substituted and unsubstituted norbornyl and 
20 norbomenyl. 

Unless otherwise specified, "alkylene", "alkenylene", and "alkynylene" are the 
divalent forms of "alkyl", "alkenyl", and "alkynyl" defined above. 

The term "haloalkyl" is inclusive of groups that are substituted by one or more 
halogen atoms, including perfluorinated groups. This is also true of groups that include 
25 the prefix 

"halo-". Examples of suitable haloalkyl groups are chloromethyl, trifluoromethyl, and the 
like. 

The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems. 
Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl. The 
30 term "heteroaryl" includes aromatic rings or ring systems that contain at least one ring 
heteroatom (e.g., O, S, N). Suitable heteroaryl groups include furyl, tbienyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl, 
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pyrazolyl, oxazolyl, thiazolyl, benzofuranyl, benzothiophenyl, carbazolyl, benzoxazolyl, 
pyrimidinyl, benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridinyl, isoxazolyl, 
isothiazolyl, purinyl, quinazolinyl, and so on. 

"Heterocyclyl" includes non-aromatic rings or ring systems that contain at least 
one ring heteroatom (e.g., O, S, N) and includes all of the fully saturated and partially 
unsaturated derivatives of the above mentioned heteroaryl groups. Exemplary 
heterocyclic groups include pyrrolidinyl, tetrahydrofuranyl, morpholinyl, thiomorpholinyl, 
piperidinyl, piperazinyl, thiazolidinyl, imidazolidinyl, isothiazolidinyl, and the like. 

The aryl, heteroaryl, and heterocyclyl groups can be unsubstituted or substituted by 
one or more substituents independently selected from the group consisting of alkyl, 
alkoxy, methylenedioxy, ethylenedioxy, alkylthio, haloalkyl, haloalkoxy, haloalkylthio, 
halogen, nitro, hydroxy, mercapto, cyano, carboxy, fonnyl, aryl, aryloxy, arylthio, 
arylalkoxy, arylalkylthio, heteroaryl, heteroaryloxy, heteroarylthio, heteroarylalkoxy, 
heteroarylalkylthio, amino, alkylamino, dialkylamino, heterocyclyl, heterocycloalkyl, 
alkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl, haloalkylcarbonyl, haloalkoxycarbonyl, 
alkylthiocarbonyl, arylcarbonyl, heteroarylcarbonyl, heterocyclylcarbonyl, 
aryloxycarbonyl, heteroaryloxycarbonyl, arylthiocarbonyl, heteroarylthiocarbonyl, 
alkanoyloxy, alkanoylthio, alkanoylamino, aroyloxy, aroylthio, aroylamino, 
alkylaminosulfonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, aryldiazinyl, 
alkylsulfonylamino, arylsulfonylamino, arylalkylsulfonylamino, alkyicarbonylamino, 
alkenylcarbonylamino, arylcarbonylamino, arylalkylcarbonylamino, 
heteroarylcarbonylamino, heteroarylalkycarbonylamino, alkylsulfonylamino, 
alkenylsulfonylamino, arylsulfonylamino, arylalkylsulfonylamino, 
heteroarylsulfonylamino, heteroarylalkylsulfonylamino, alkylaminocarbonyl, 
dialkylaminocarbonyl, arylaminocarbonyl, arylalkylaminocarbonyl, 
alkenylaminocarbonyl, heteroarylaminocarbonyl, heteroarylalkylaminocarbonyl, 
alkylaminocarbonylamino, alkenylaminocarbonylamino, arylaminocarbonylamino, 
arylalkylaminocarbonylamino, heteroarylaminocarbonylamino, 
heteroarylalkylaminocarbonylamino and, in the case of heterocyclyl, oxo. If any other 
groups are identified as being "substituted" or "optionally substituted", then those groups 
can also be substituted by one or more of the above enumerated substituents. 
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The invention is inclusive of the compounds described herein in any of their 
pharmaceutical^ acceptable forms, including isomers (e.g., diastereomers and 
enantiomers), salts, solvates, polymorphs, and the like. In particular, if a compound is 
optically active, the invention specifically includes each of the compound's enantiomers as 
5 well as racemic mixtures of the enantiomers. 

Preferred compounds of the invention include: 

//-(2-{2-[4-amino-2-fc^ 
yl]ethoxy} ethyl)-2-me1hylpropanamide; 
#-(2- {2-[4-ammo-2-(cyclopro^ 
1 0 yl]ethoxy} ethyl)cyclopentanecarboxamide; 
tf-(2-{2-[4-amino-2-(cyc^ 
yl]ethoxy} ethyl)nicotinamide; 

N-(2- {2-[4-amino-2-(cyclopropylmethyl)-6,7-dimethyl- l/Wmidazo[4,5-c]pyridin-l- 

yl]ethoxy} ethyl)-AT,2-dimethylpropanamide; 

15 tf-(2-{2-[4-amino-2<c^ 

yl]ethoxy}ethyl)-7^-methylcyclopentanecarboxamide; 

]VK2-{2-[4-amino-2<cyclopropy^ 

yl]ethoxy} ethyl)-N-methylnicotinamide; 

tf-(2-{2-[4-amino-2-(cyclopropy^ 
20 yl] ethoxy } ethyl)-2-methylpropanamide; 

N_(2-{2-[4-amino-2<cyclopropyletty^ 

yl]ethoxy}ethyl)cyclopentanecarboxamide; 

AT<2-{2-[4-amino-2-(cyclopropyletty^ 

yl] ethoxy} ethyl)nicotinamide; 
25 AH2-{2-[4-amino-2-(methoxyethyl)-6,7-^ 

yl]ethoxy}ethyl)-A^,2-dimethylpropanamide; 

tf-(2-{2-[4-amino-2<m 

yl]ethoxy}ethyl)-AT-methylcyclopentanecarboxamide; 
N-(2-{2-[4-amino-2^methoxye%l)-6,7^^ 
30 yl]ethoxy} ethyl)-N-methytacotinamide; 

JV-(2-{2-[4-amino-2<cyclopropylmethyl)^-m 
yl]ethoxy} ethyl)-2-methylpropanamide; 
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iV-(2-{2-[4-amino-2-(cyclopropylmethyl)-6-methyl4F-inu^ 

yl]ethoxy} ethyl)cyclopentanecarboxamide; 

JV-(2-{2-[4-amino-2-(cyclopropylmethyl)-6-methyl- 

yl]ethoxy} ethyl)nicotinamide; 

N-(2- {2-[4-amho-2-(cyclopro^ 

yl]ethoxy} ethyl)-iV,2-dimethylpropanamide; 

N-(2- {2-[4-amino-2-(cyclopropyta^ 1 - 

yl]ethoxy}ethyl)-iV-methylcyclopentanecarboxamide; 

N-(2- {2-[4-amino-2<cyclopropylmethyl)-6^ 
yl]ethoxy} ethyl)-N-methylnicotinamide; 
iV-(2-{2-[4-amino-2-propyl-6,7-dimethyl4^-inu 

methylpropanamide; 

iV-(2-{2-[4-amino-2-propyl-6J-dime%M^ 
yl] ethoxy } ethyl)cyclopentanecarboxamide; 
N-(2- (2-[4-amino-2-propyl-6,7-dimethyHi^^ 
yl] ethoxy} ethyl)nicotinamide; 

N-(2- {2-[4-amino-2-propyl-6,7-dimethyl- li/-imidazo[4,5-c]pyridin- 1 -yl]ethoxy} ethyl)- 

N,2-dimethylpropanamide; 

j^(2-{2-[4-amino-2-propyl-6J-dim^ 

methylcyclopentanecarboxamide; 

AT.(2- {2-[4-amino-2-propyl-6 ,7-dimethyl- li/-imidazo[4,5-c]pyridin- 1 -yl]ethoxy} ethyl)-iV- 
methylnicotinamide; 

A42-{2-[4-amino-2-propyl-6-me%M/^ 
methylpropanamide; 

N-(2- {2-[4-airino-2-propyl-6-methyl-l J?-imidazo[4,5-c]pyridin-l - 

yl]ethoxy}ethyl)cyclopentanecarboxamide; 

JV-(2-{2-[4-amino-2-propyl-6-methyM^ 

yl] ethoxy} ethyl)nicotinamide; 

A^(2-{2-[4-amino-2-propyl-6-methyM^^ 

dimethylpropanamide; 

Af-(2- {2-[4-amino-2-propyl-6-me%14iy-imidazo[4,5-c]pyridin- 1 -yl]ethoxy} ethyl)-JV- 
methylcyclopentanecarboxamide; 
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#-(2- {2-[4-ammo-2-propyl-6-me^ 

methylnicotinamide; 

Ar-(2-{2-[4-amino-2^cyclopropylm^^ 

yl]ethoxy} ethyl)morpholine-4-carboxamide; 
5 N-(2- {2-[4-amino-2-(cyclopropylmethy^^ 

yl]ethoxy} ethyty-N-cyclohexylurea; 

]Y-(2-{2-[4-amino-2-(cyd^^ 

yl]ethoxy} ethy^-N-pyridin-S-ylurea; 

JV^(2-{2-[4-amino-2<cyc^ 
1 0 yl]ethoxy } ethyl)morpholine-4-carboxamide; 

iV-(2- {2-[4-amino-2-(cyclopropylethyl)-6 J-dimethyl4^midazo[4,5-c]pyridin-l - 

yl]ethoxy} ethyl)-N-cyclohexylurea; 

7/-(2- {2-[4-amino-2-(cyclopropylethyl)-6 ,7-dimethyl- lif-imidazo[4,5-c]pyridin- 1 - 
yl]ethoxy} ethy^-iV'-pyridin-S-ylurea; 
15 iV-(2-{2-[4-amino-2<methoxyethyl)-6,7-dimethyl-li/-^ 
yl]ethoxy} ethyl)morpholine-4-carboxamide; 

N-(2- {2-[4-amino-2-(methoxyethyl)-6,7-dimethyl- l#-imidazo[4,5-c]pyridin-l- 

yl]ethoxy} ethyl)-N-cyclohexylurea; 

Af-(2-{2-[4-amino-2-(methoxyethyl>^ 
20 yl] ethoxy} ethyl)-A^-pyridin-3-ylurea; 

7^(2-{2-[4-amino-2-(cyclopropylme&^^ 

yl]ethoxy}ethyl)morpholine-4-carboxamide; 

7V-(2-{2-[4-amino-2<cyclopropylm^ 

yl] ethoxy} ethyl)-A^-cyclohexylurea; 
25 AH2-{2-[4-amino-2<cyclopropylmethyl>^ 

yl] ethoxy} ethyl)-^pyridin-3-ylurea; 

N-(2- {2-[4-amino-2-(cyclopropylethyl)-6-methyl- 17/-imidazo[4,5-c]pyridin-l- 
yl]ethoxy}ethyl)morpholine-4-carboxamide; 
//-(2-{2-[4-amino-2<cyclopiopylethyl)-6-m 
30 yl] ethoxy} ethyl)-AP-cyclohexylurea; 

^(2-{2-[4-amino-2<cyclopropyle%^ 
yl]ethoxy} ethyl)-A^-pyridin-3-ylurea; 
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tf-(2-{2-[4-ammo^ 

yl]ethoxy} ethyl)morphoiine-4-carboxamide; 

N-(2- {2-[4-amino-2-(methoxyethy^^^ 1 - 

yl]ethoxy} ethyl)-^cyclohexylurea; 
5 7VK2-{2-[4-amino-2-(methoxy^ 

yl]ethoxy} ethy^-iV-pyridin-S-yliirea; 

//_(2-{2-[4-amino-2-propyl-6,7-d^ 

yl]ethoxy} ethyl)morpholine-4-carboxamide; 

tf-(2-{244-amino-2-propyl-6J^ 
10 cyclohexylurea; 

fli(2-{2-[4-amm^ 

pyridin-3-ylurea; 

N-{2- {2-[4-amino-2-propyl-6-methyl-^ - 
yl]ethoxy}ethyl)morpholine-4-carboxamide; 
1 5 N-(2- {2^4-amino-2-propyl-6-methyMiW^ 1 -yl]ethoxy} ethyl)-AT- 

cyclohexylurea; 
N-{2- {2-[4-amino-2-pio^ 
pyridin-3-ylurea; 

A^2-{2-[4-amino-2-(cyclopropy^ 
20 yl]ethoxy} ethy^-iV^-diethylurea; 

JVK2-{2-[4-amino-2<cyclopro^^ 

yl]ethoxy} ethyl)-iV-isopropylurea; 

N-(2-{2-[4-amino-2Kcyclopropyle^^^ 

yl]ethoxy} ethyl)-AT^V-diethylurea; 
25 ^(2-{2-[4-animo-2-(cyclo^^ 

yl]ethoxy} ethyl)-A^sopropylurea; 

jVH2-{2-[4-amino-2-propyl-6,7^ 

AT^V-diethylurea; 

tf-(2-{2-[4-amino^ 

30 isopropylurea; 

iV , -(2-{2-[4-amino-2-(methoxyethyl)-6J-dimethyl4if-im 

yl]ethoxy} ethyO-i^Af-diethylurea; 



80 



WO 03/103584 



PCTYUS03/17659 



i^(2-{2-[4-aimno-2<meta 

yl]ethoxy} ethyl)-N-isopropylurea; 

JVH2-{2-[4-amino-2-(cycl^^^ 

yl] ethoxy} ethy^-ATJV-diethylurea; 

tf-(2-{2-[4-am^ 

yl]ethoxy} ethyl)-N-isopropylurea; 

7V-(2- {2-[4-amino-2-(cyclopropylethyl)-6-methyl- li7-imidazo[4,5-c]pyridin- 1 - 

yl] ethoxy} ethyl)-AyV^diethylurea; 

N-(2-{244-amino-2-(cyclopro^ 

yl]ethoxy} ethyl)-AMsopropylurea; 

jVH2-{2-[4-amino-2-propyl-6-me^^^ 

diethylurea; 

tf-(2-{2-[4-amino-2-propyl-6-meto^^^ 
isopropylurea; 

jVH2-{2-[4-amino-2<methoxyethyl)^^ 
yl] ethoxy} ethyl)-N,N-diethylurea; 
jVK2-{2-[4-amino-2-(methoxyetty^ 
yl]ethoxy} ethyl)-W-isopropylurea; 
N-(2-{2-[4-amino-2<cyclopropyl^^ 
yl]ethoxy} ethyl)methanesulfonamide; 

N-(2- {2-[4- amino-2-(cyclopropylraethyl)-6,7 -dimethyl- ltf-imidazo [4,5 -c]pyridin- 1 - 
yl]ethoxy} ethyl)propane-2-sulfonamide; 
A^(2-{2-[4-amino-2<cyclopropylme^^ 
yl]ethoxy}ethyl)quinoline-8-sulfonamide; 

N-(2- {2-[4-amino-2-(cyclopropylmethyl)-6,7-dimethyl- 17/-imidazo[4 J 5-c]pyridin-l- 

yl]ethoxy} ethyl)-A^-methylmethanesulfonamide; 

#.(2-{2-[4-amino-2-(cyclopro^ 
yl]ethoxy}ethyl)^-methylpropane-2-sulfonamide; 

A^(2-{2-[4-amino-2-(cyclopropylm^^^ 
yl]ethoxy}ethyl)-A^methylquinolme-8-sulfonamide; 

N-(2- {2-[4-ammo-2-(cyclopropylme^ 1 " 

yl]ethoxy} ethyl)methanesulfonamide; 
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N<2- {2-[4-amino-2-(cyclopropy^ 

yl]ethoxy} ethyl)propane-2-sulfonamide; 

N-(2- (2-[4-amino-2-(cyclopropylmethy^^ 

yl]ethoxy} ethyl)quinoline-8-sulfonamide; 

5 jV^(2-{2-[4-amino-2^ 

yl]ethoxy}ethyl)-i\T-methylmethanesulfonamide; 

A^(2-{2-[4-amino-2^cyclop^ 
yl]ethoxy}ethyl)-^-methylpropane-2-sulfonamide; 

^(2-{2-[4-amino-2-(cyclopropylmethyl)-6-methyl^ 
10 yl]ethoxy} ethyl)-A^methylquinoline-8-sulfonamide; 

jV-(2-{2-[4-amino-2-propyl-6J-dimethyl4//-imidazo[4 ? 5^ 

yl]ethoxy} ethyl)methanesulfonamide; 

jVK2-{2-[4-amino-2-propyl-6J-dimeto^^ ; 

yl]ethoxy} ethyl)propane-2-sulfonamide; 
1 5 N-(2- {2^4-ainino-2-propyl-6/7-dimethyM J7-imidazo[4,5-c]pyridin-l - 

yl]ethoxy}ethyl)quinoline-8-sulfonamide; 

7^(2-{2^4-amino-2-propyl-6J-dime^ 

methylmethanesulfonamide; 

tf-(2-{2-[4-amino-2-propyl-6J-dm^^ 
20 methylpropane-2-sulfonamide; 

fl-(2-{2-[4-amino-2-propyl-6^<ta 

methylquinoline-8-sulfonamide; 

AT-(2- {2-[4-amino-2-propyl-6-methyl-l//-imidazo[4 } 5-c]pyridin-l- 
yljethoxy} ethyl)methanesulfonamide; 
25 jV-(2-{2-[4-amino-2^ropyl-6-me^ 
yl]ethoxy) ethyl)propane-2-sulfonamide; 

7\r_(2- {2-[4-amino-2-propyl-6-methyl- 1 H-imidazo [4, 5 -c]pyri din- 1 - 
yl]ethoxy}ethyl)quinoline-8-sulfonamide; 
tf-(2-{2-[4-amino-2-propyl-6-methyU^^ 
30 methylmethanesulfonamide; 

#-(2- {244-amino-2-propyl-6-methyl-l/M^ ethyl)-W- 
methylpropane-2-sulfonamide; 
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AH2-{2-[4-amino-2-propyl-6-meth^^ 
methylquinoline-8-suIfonamide; 
M(2- {2-[4-amino-2-meto^^ 
yl]ethoxy} ethyl)methanesulfonamide; 
5 N-(2- {2-[4-amino-2-methoxyethyl -6-methyl4H-imidazo[4,5-c]pyridin-l- 
yl]ethoxy}ethyl)propane-2-sulfonamide; 

N-(2- {2-[4-amino-2-methoxyethyl -6-methyl4^imidazo[4,5-c]pyridin-l- 
yl]ethoxy} ethyl)quinoline-8-sulfonamide; 

AT-(2-{2-[4-amino-2-methoxyethyl -6-methyl4if-imidazo[4,5-c]pyridin- 1 - 
1 0 yl]ethoxy } ethyl)-A^methylmethanesulfonamide; 

N-(2- {2-[4-amino-2-methoxyethyl -6-methyl-li/-imidazo[4,5-c]pyridin-l- 

yl]ethoxy}ethyl)-iV-methylpropane-2-sulfonamide; 

N-(2- {2-[4-amino-2-methoxyethyl -6-methyl-l/f-imidazo[4,5-c]pyridin- 1 - 

yl]ethoxy}ethyl)-7V-methylquinoline-8-sulfonainide; 
15 AT-(2-{2-[4-amino-2-(cyc^ 

yl]ethoxy} ethyl)methanesulfonainide; 

N-(2- {2-[4'amino-2-(cyclopropylethyl)-6-methyl- l#-imidazo[4,5-c]pyridin-l- 
yl]ethoxy}ethyl)propane-2-sulfonamide; 
N^2-{2-[4-amino-2-(cyclopropyl^^ 
20 yl]ethoxy} ethyl)quinoline-8-sulfonamide; 
AH2-{2-[4-amino-2-(cyclopropylefa^^^ 
yllethoxyJethylJ-^-methylmethanesulfonamide; 

N-{2- {2-[4-amino-2-(cyclopropylethyl)-6-methyl" lif-imidazot^S-clpyridin-l- 
yl]ethoxy}ethyl)-A^-methylpropane-2-sulfonamide; 
25 N-{2- {2-[4-amino-2-(cyclopropylethyl)-6-methyl-. m-imidazo[4,5-c]pyridin- 1 - 
yl]ethoxy}ethyl)-A^methylquinoline-8-sulfonamide; 

2-butyl- 1 - {2-[3-(l , 1 -dioxidoisothiazolidin-2-yl)propoxy] ethyl} -6,7-dimethyl- 1#- 
imidazo[4,5-c]pyridin-4-amine; 
1 - {2-[3 -( 1 ,1 -dioxidoisothiazolidin-2-y^ 
30 li^imidazo[4,5-c]pyridin-4-amine; 

1 - {2-[3-( 1 , 1 -dioxidoisothiazolidin-2-yl)propoxy] ethyl} -2-(methoxyethyl)-6,7-dimethyl- 
l^imidazo^S-cjpyridin^-amine; 
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2Kcyclopropylmethyl)-l-{2-[3-(l,l-dioxidoisothiazolidin-2-yl)propoxy]ethyl}-6,7- 
dime%14H-iiiudazo[4,5-c]pyridin-4-ainine; 

2-(cyclopropylethyl)- 1 - {2-[3-(l , 1 -dioxidoisothiazoHdin-2-yl)propoxy]ethyl} -6,7- 
(iimethyl-l/f-imidazo[4 J 5-c]pyridin-4-amine; 
5 i.{2^3-(l4-dioxidoisothiazolidin-2-yl)propoxy]ethyl}-6J-dimethyl-2-propyl-lif- 

imidazo[4,5-c]pyridin-4-amine; 

l-{2-[3-(14-dioxidoisothiazoUdin-2-yl)propoxy]ethyl}-6,7-diinethyl-2-ethyl-l//- 
imidazo[4,5-c]pyridin-4-amine; 

1- {2-[3-(l,l-dioxidoisotWazolidin-2-yl)propoxy]ethyl}-2,6,7-trimethyl-li/-iinidazo[4,5- 

10 c]pyridin-4-amine; 

2- butyl-l-{2-[3-(l,l-dioxidoisothiazoUdin-2-yl)propoxy]ethyl}-6-methyl-m-imidazo[^ 

c]pyridin-4-amine; 

1- {2-[3-(l,l-dioxidoisotWazoUdin-2-yl)propoxy]ethyl}-2-(ethoxymethyl)-6-methyl-l//- 

imidazo[4,5-c]pyridin-4-amine; 
1 5 1- {2-[3-(l ,l-dioxidoisothiazolidin-2-yl)propoxy]ethyl} -2-(methoxyethyl)-6-methyl-lH- 

imidazo[4,5 -c]pyridin-4-amine; 

2- (cyclopropylmethyl)-l-{2-[3-(l,l-dioxidoisothiazoUdin-2-yl)propoxy]ethyl}-6-methyl- 
l#-imidazo[4,5-c]pyridin-4-amine; 

2-(cyclopropylethyl)-l-{2-[3-(l,l-dioxidoisothiazolidin-2-yl)propoxy]ethyl}-6-methyl- 

20 l/f-imidazo[4,5-c]pyridin-4-ainine; 

1 - {2-[3-(l ,1 -dioxidoisothiazolidin-2-yl)propoxy]ethyl} -6-methyl-2-propyl-l#- 
imidazo[4,5-c]pyridin-4-amine; 

1 - {2-[3-(l , 1 -dioxidoisothiazolidin-2-yl)propoxy]ethyl} -6-methyl-2-ethyl- 1 #-imidazo[4,5 - 
c]pyridin-4-amine; 

25 l . {2-[3-(l , 1 -dioxidoisotbiazolidin-2-yl)propoxy]ethyl} -2,6-dimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine; 

l-[2-(benzyloxy)ethyl]-2-butyl-6 > 7-dimethyl-l/f-imidazo[4,5-c]pyridin-4-amine; 
l-[2-(benzyloxy)ethyl]-2-(cyclopropylmethyl)-6J-dime%l-l^-imidazo[4,5-c]pyridin-4- 

amine; 

30 l-[2-(benzyloxy)ethyl]-2,6-dimethyl-l//-imidazo[4,5-c]pyridin-4-amm 

l-[2-(benzyloxy)e%l]-6-methyl-2-propyl-liy-imidazo[4,5-c]pyridin-4-amine; 
l-[2-(benzyloxy)ethyl]-2-(ethoxymethyl)-6-methyl-lH-inudazo[4,5-c]pyridin-4-ai^ 
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142-(benzyloxy)ethyl]-2-butyl-6-me%14i/-imidazo[4,5-c]pyridin-4-airune; 

1- [2-(benzyloxy)emyl]-2<cyclopropyta^^ 
amine; 

6 J-dimethyM -[2^3-phenylpropox 

2- (cyclopropylmemyl)-6J-dimemyM-[2-^ 

c]pyridin-4-amine; 

2,6-dimemyM-[2-(3-phenylpropoxy)ethyU^^ 
2,6-dimefoyU<2-{[(2^-3-phenylpro^ 

amine; 

2,6-dimethyl-l-{2-[(3-phenylprop^^^ 
6-memyH-[2-(3-phenylpropoxy)ethyl>2-propyM^ 

2-(cyclopropylmethyl)-6-memyl-l-^^ 
4-amine; 

6J-dimemyl-2-propyl-l-[2-(3-pyridm-3-ylpropoxy)emyl]-m-imidazo[4,5-c]py^ 
amine; 

2-(cyclopropylmemyl)-6J-dimemyM-^ 
c]pyridin-4-amine; 

2.6- dimemyM-[2-(3-pyridm-3-ylpropoxy)et^ 
2-(emoxymemyl)-6-meroyl-l-[2-(3-py^^ 
4-amine; 

6-memyl-2-propyl4-[2-(3-pyridm-3-ylpropoxy)emyl]4/?-inndazo[4,5-c]pyri 
2-(cyclopropylmemyl)-6-methyl4-[2-(3-pyridin-3-ylpropoxy)ethyl]-l//-imid^ 

c]pyridin-4-amine; 

6.7- dimemyl-2-propyl-l-{2-[3-(13-tluazol-2-yl)propoxy]ethyl}-l/f-imidaz^ 
c]pyridin-4-amine; 

6,7-dimethyl-2-piopyl-l-[2<3-pyrimi(lm-5-ylpropoxy)ethyl] 
amine; 

6-mefoyl-2-propyl-l - {2-[3-(l ,3-tMazol^^ 
amine; 

6-memyl-2-propyl-l-[2<3-pyrimidin-5-ylpropoxy)ethyl]-li/-imidazo[4,5-c]pyri 
amine; 
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6,7-dimethyl-2-piopyl4-[2<3-pyriinidin-2-ylpropoxy)ethyl]4H-imidazo[4,^ 
amine; 

6/7-dimethyH -[3<me%ltWo^ 
2,6J-trimethyl-l-[3-(methyltmo)pro^^ 
5 2-emyl-6/7-<lmiemyl-l-[3-(memyl^ 
6 J-dimemyM -[3-(methylt^ 

2-butyl-6J-dimemyl-l-[3^methyltmo)propyl]4^-inudazo[4,5-c3pyri 

2-ethoxymethyl-6,7-dimemyM-[3Kmethyl^ 

amine; 

1 0 2-methoxyethyl-6,7-dimethyl- 1 -[3Kmemyltmo)propyl]-m-imidazo[4,5-c]pyridin-4- 
amine; 

2-cyclopropylmethyl-6J-dimemyl-l-[3^ 
amine; 

6,7-dimethyl- 1 -[3-(methylsulfonyl)propyl]- ltf-inndazo[4,5-c]pyridm-4-amine; 
15 2^7-trimemyM-[3Kmemylsulfonyl)propylHi^ 
2-etoyl-6,7-dimemyl-l-[3<methylsulfonyl^ 

6J-dimethyl-l-[3<memylsulfonyl)propyl]-2-propyl-lF-imidazo[4,5-c]pyridm-4- 
2-butyl-6J-dimethyl-H3<methylsulfony^^^ 

2-emoxymethyl-6,7-dimethyl-l-[3Kmemylsmfonyl)propyl]-m-imidazo[4,^ 
20 amine; 

2-memoxyemyl-6J-dimemyl4-[3-(memylsulfonyl)propyl]-m^midazo[4,5-c]pyridin-4- 
amine; 

2-cyclopropyrniethyl-6J-dimethyl-1^3<me%lsulfonyl)propyl]-l//-imidazo[4 s 5- 
c]pyridin-4-amine; 

25 6J-dimemyl-l-[3Kniethylsulfinyl)propyl]4i/-imidazo[4,5-c]pyridin-4-amine; 
2,6J-trimethyl443Kmethylsulfinyl)propyl34/f4midazo[4,5-c]pyridin-4-amine; 

2-ethyl-6J-dimethyM-[3-(methylsulfiny^ 
6/7-dimemyl-l-[3-(methylsulfinyl)propyl]-2-pro^^ 
2-butyl-6,7-dimethyl-l-[3<methylsulfmy^^ 
30 2-ethoxymethyl-6J-dimethyM-[3<^ 
amine; 
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2-methoxyethyl-6,7-dimethyl4-[3-(me%k^ 
amine; 

2^yclopropylmethyl-6,7-dime^ 

c]pyridin-4-amine; 
5 6^-dimethyl-H3-(phenylmio)propyl]-ltf-M 

2,6J-trimemyl-l-[3-(phenylthio)pro^^ 

2-emyl-6J-<iimemyl-l-[3-(phenyltmo)pro^^ 

6J-dimemyl4-[3-(phenyltoo)propyl]-2i^ 

2-butyl-6J-dimethyl4-[3-(phenyltmo)propyl]-lJ^-imidazo[4,5-c]pyridm^ 
10 2-emoxymetoyl-6/7-dimemyl4^3-(phenyl« 
amine; 

2-methoxyethyl-67-dimetoyl-H3-(p^ 
amine; 

2-cyclopropylmethyl-6J-dimemyl-l-[3-(pte^ 
15 amine; 

6,7-dimethyl- 1 -[3-(phenylsulfonyl)propyl]- 1 #4nndazo[4,5-c]pyridm-4-amine; 
2,6/7-trimeftyl-l-[3-(phenylsulfonyl)prop^ 
2-ethyl-6J-dimethyM-[3-(phenylsulfonyO^^^ 
6/7-dimefoyl-l-[3-(phenylsulfonyl)propyl]-2-pro^^ 
20 2-butyl-6,7-dmethyM-[3-(phenyls^^ 

2-emoxyme&yl-6J-dimethyM-[3-(phenylsul^^^ 

amine; 

2-methoxyemyl-6J-dimemyl-l-[3-(phenylsulfonyl)propyl]4//-inndazo[4,5-^ 
amine; 

25 2-cyclopropylmemyl-6,7-dimethyl4-[3-(phenylsulfonyl)propyl]-lF-imidazo[4,5- 
c]pyridin-4-amine; 

6J-dimemyl-H3-(phenylsulfmyl)propy^ 
2,6,7-trimemyl-l-[3-(phenylsulfmyl)propylH^^ 
2-emyl-6J^imemyl-l-[3-(phenylsulfinyl)pro^^ 
30 6J-dimemyl-l-[3-(phenylsumnyl)propyl]-2-pro^^ 
2-butyl-6/7-(iimethyM-[3-(phenylsulm^^ 
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2-ethoxymethyl-67-dm^ 
amine; 

2-methoxyethyl-6,7-dime^ 
amine; 

2-cyclopropylmethyl-6J-dime%H^^ 
c]pyridin-4- amine ; 

6,7-dime%l-l-[3-(p;yrimidm-2-ylt^ 
2&7-trimethyl-l-[3-(pyriimdm-2-y^ 
2^myl-6/7^ihTiemyl-l-[3-(pyrM 
6J-dimetoyl-l-[3-(pyrimidm-2-yltmo)propy^ 

amine; 

2-butyl-6,7-dimethyl- 1 -[3 -(pyrimidin-2-yllthio)propyl]- l#-imidazo [4,5-c]pyridin-4- 
amine; 

2-emoxymemyl-6J-dimemyl-l-[3-(pyrimidm-^^^ 
4-amine; 

2-memoxyethyl-6J-dimethyl-l-[3-(pyi™d^ 
4-amine; 

2-cyclopropylmethyl-6J-dimethyM-[3^ 
c]pyridin-4-amine; 

6^-dimethyl-l-[3-(pyrimiclm-2-ylsulfo^^ 

2,6J-trimemyl-l-[3-(pyrimidm-2-ylsulfo^^ 

2-efoyl-6J-dimethyM-[3-(pyrimidin-2^ 

amine; 

6J-dimemyl-l-[3-(jpyrimidin-2-ylsulfonyl)propyl]-2-propyl4i¥-miidazo[4^ 
amine; 

2-butyl-6J-dimethyl-l-[3-(pyrimidin-2^^ 
amine; 

2-emoxymethyl-6J-dimethyl-l-[3-(pyrimid^ 
c]pyridin-4-amine; 
2-methoxyethyl-6,7-dimethyl-l-^ 
c]pyridin-4- amine; 
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2-cyclopropylmethyl-6,7-dimethyl4-[3-(pyrimidin-2-ylsulfonyl^ 
c]pyridin-4- amine; 

6J-dimethyl-l-[3-(pyrimidin-2-ylsulfmyl)propyl]4i/-imidazo[4,5-c]py^ 

2,6J-trimethyl-l-[3-(pyriinidin-2-ylsulfinyl)propyl]-l//-imid^ 
5 2-ethyl-6J-dimethyl-l-[3-(pyrimidin-2-ylsulfinyl)propyl]-lH-im^ 

amine; 

6/7-dimemyM-[3-(pyriinidm-2 r ylsu^ 
amine; 

2-butyl-6,7-dmiethyl4-[3-(pyrimidm-2-ylsulfinyl)propyl]-l//-im^ 

10 amine; 

2-ethoxymethyl-6J-dmethyl-l-[3-(py^ 

c]pyridin-4-amine; 

2-methoxyethyl-6,7-dimemyM-[3-(pyrinH^^ 

c]pyridin-4-amine; 
15 2-cyclopropylmethyl-6J-dmiemyl4-[3-(pyrin^ 

c]pyridin-4-amine; 

H3-(butyltmo)propyl]-6J-dimethyMi^^ 
l-[3-(butyltmo)propyl]-2,6J-trime^ 

1- [3-(butyltmo)propyl]-2-ethyl-6J-dime^ 

20 1 -[3-(butylthio)propyl]-6 ,7-dimethyl-2-propyl- l/f-maidazo[4,5-c]pyridin-4-amine; 

2- butyM -[3-(butyltMo)propyl]-6^ 
1^3-(butyltmo)propyl]-2-emoxyme%l-6J-dm^^ 
l-[3-(butyltmo)propyl]-2-methoxyemyl-6J-dra^^ 
l-[3-(butyltWo)propyl]-2-cyclopropylme^ 

25 amine; 

l-[3-(butylsulfonyl)propyl]-6,7-dimethyl4H-imidazo[4,5-c]pyridin-4-amine; 
l-[3-(butylsulfonyl)propyl]-2,6,7-trimethyl4H-imidazo[4,5-c]pyridin-4-amine; 

l-[3-(butylsulfonyl)propyl]-2-ethyl-6J-dime^ 
l-[3-(butylsmfonyl)propyl]-6,7-dimethyl-2-propyH^^ 

30 2-butyM-[3-(butylsulfonyl)propyfl 

l-[3-(butylsulfonyl)propyl]-2-etooxymethyl^ 

amine; 
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l-[3-(butylsulfonyl)propyl]-2-me^^^ 
amine; 

l-[3-(butylsulfonyl)propyl]-2-cycloprop^ 
4-amine; 

5 i-[3-(butylsulfmyl)propyl]-6J-dime^^ 

l-[3-(butylsulfmyl)propyl]-2,6J-trimethyl-l//-iinidazo[4,5-c]pyri 

l-[3-(butylsulfinyl)propyl]-2-efoyl-6J-to 

1- [3-(butylsulfmyl)propyl]-6J-dime^ 

2- butyl-l-[3-(butylsmfmyl)propyl]-6J-di^^^ 
10 l-[3-(butylsulfinyl)propyl]-2-ethox^ 

amine; 

l-[3-(butylsulfinyl)propyl]-2-mefooxye^ 
amine; 

1 - [3-(butylsulfinyl)propyl]-2-cyclopropylmethyl-6,7-dimethyl- l/Wmidazo[4,5 -c]pyridin- 
1 5 4-amine; 

1 . {3-[(2 ,4-dichlorophenyl)tbio]propyl} -6,7-dimethyl- li/-imidazo[4,5-c]pyridin-4-amine; 

l-{3-[(2^dicWorophenyl)tmo]propyl}-2,6J-b^ 

amine; 

1- {3-[(2,4-dichlorophenyl)tmo]propyl}-2^ 

20 amine; 

1 - {3-[(2,4-dicMorophenyl)ttao]propylH^ 

4-amine; 

2- butyM-{3-[(2,4-dicmorophenyl)tmo]propyl}-6^^^ 
amine; 

25 l-{3-[(2^mcMorophenyl)Mo]propyl}-2-emoxymethyl-6J-dimemyl-l//-imidazo[4,5- 
c]pyridin-4-amine; 

l-{3-[(2,4-dichlorophenyl)tmo]propyl}-2-m^^ 
c]pyridin-4-amine; 

1 . {3 .[(2,4-dichlorophenyl)thio]propyl} -2-cyclopropylmethyl-6,7-dimethyl-li?- 

30 iimdazo[4,5-c]pyridin-4-amine; 

1 - {3 -[(2,4-dichlorophenyl)sulfonyl]propyl} -6,7-dimethyl-lH-imidazo [4,5 -c]pyridin-4- 

amine; 
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1- {3_[(2,4-dicMo^^ 
amine; 

l.{3-[(2,4-di<Woropheayl)sulfony 

c]pyridin-4-amine; 
5 i.{3-[(2,4-dichlorophenyl)sulfonyl]propyl}-6,7-dimethyl-^ 

c]pyridin-4-amine; 

2- butyl-l-{3-[(2,4-dicMo^ 
c]pyridin-4- amine; 

1- {3-[(2,4-dichlorophenyl)sulfonyl]propyl} -2-ethoxymethyl-6,7-dimethyHi/- 
10 imidazo[4,5-c]pyridin-4-amine; 
l_{3-[(2,4-dicWorophenyl)sulfo^^ 
imidazo[4,5-c]pyridin-4-amine; 

1 . {3-[(2 5 4-dichlorophenyl)sulfonyl]propyl} -2-cyclopropylmethyl-6,7-dimethyl-li/- 

imidazo[4,5-c]pyridin-4-aniine; 
15 l-{3-[(2,4-dicWorophenyl)sulfmyl]propy 

amine; 

1- {3-[(2,4-dicMorophenyl)swfmyl]propyl}-2A7-^ 
amine; 

1 . {3-[(2,4-dichlorophenyl)sulfinyl]propyl} -2-ethyl-6,7-dimethyl- lH-imidazo[4,5- 

20 c]pyridin-4-amine; 

l.{3.[(2,4-dicmorophenyl)sulfmyl]propyl}-6J-dimethyl-2-propyl-l/f4midazo[4,5- 

c]pyridin-4-amine; 

2- butyl-l-{3-[(2,4-dichlorophenyl)sulfinyl]propyl}-6J-dimemyl-l//-imidazo[4,5- 
c]pyridin-4-amine; 

25 1 - {3-[(2,4-dichlorpphenyl)sulfmyl]propyl}-2-ethoxymethyl-6 ,7-dimethyl-l#- 
imidazo[4,5-c]pyridm-4-amine; 

l.{3.[(2,4-dicmorophenyl)sulfinyl]propyl}-2-methoxyemyl-6J-dimethyl-lfl- 
imidazo[4,5-c]pyridm^-amine; 

l.{3-[(2^dichlorophenyl)sulfinyl]propyl}-2-cyclopropylmethyl-6,7-dimethyl-l/f- 

30 imidazo[4,5-c]pyridm^-amine; 

1 - {3-[(2,4-difluorophenyl)thio]propyl} -6 J-dimethyl4/f-mndazo[4,5-c]pyridm-4-amine; 
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1- {3-[(2,4-difluorophenyl)ttao]pro^^^ 
amine; 

2- ethyl-l-{3-[(2,4-difluorop^ 
amine; 

5 l-{3-[(2,4-difluorophenyl)tmo]propyl}-6,7-d^ 
4-amine; 

24)utyH-{3-[(2,4-difluorophenyl)th^ 
amine; 

2-ethoxymethyl-l-{3-[(2^dlfluoroph^ 

10 c]pyridin-4-amine; 

l_{3-[(2,4-difluorophenyl)ttao]propyl}-2-m^^ 

c]pyridin-4-amine; 

2-cyclopropylmethyl4-{3-[(2,4-difluorophenyl)thio]propyl}-6J-dimethyl-lif- 

imidazo[4,5-c]pyridin^-aniine; 
1 5 1- {3-[(2,4-difluorophenyl)sulfonyl]propyl} -6,7-dimethyl-l//-imidazo[4,5-c]pyridin-4- 

amine; 

1- {3-[(2,4-cMuorophenyl)sulfonyl]propy 
amine; 

2- ethyM-{3-[(2,4-difluorophenyl)sul^ 

20 c]pyridin-4-amine; 

l.{3.[(2,4-difluorophenyl)sulfonyl]propyl}-6,7-dimethyl-2-propyl4if-imidazo[4,5- 

c]pyridin-4-amine; 

2-butyl4-{3-[(2,4-difluorophenyl)sulfonyl]propyl}-6J-dmiethyl-l^midazo[4,5 
c]pyridin-4-amine; 

25 2-ethoxymethyl- 1 - {3-[(2,4-difluorophenyl)sulfonyl]propyl} -6,7-dimethyl-lH- 
imidazo[4,5-c]pyridin-4-amine; 

1 - {3-[(2,4-difluorophenyl)sulfonyl]propyl} -2-methoxyethyl-6,7-dimethyl-l#- 
imidazo[4,5-c]pyridin-4-amine; 

2-cyclopropylmethyl-l-{3-[(2,4-difluorophenyl)sulfonyl]propyl}-6 ) 7-dimethyl-lH- 

30 imidazo[4,5-c]pyridin-4-amine; 

l-{3-[(2,4-difluorophenyl)sulfinyl]propyl^ 
amine; 
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1 . {3-[(2,4-difluorophenyl)sulfinyl]propyl} -2,6 J-trimethyl-l//-imidazo[4,5-c]pyridiii-4- 
amine; 

2-ethyl-l - {3-[(2,4-difluorophenyl)sulfinyl]propyl}-6,7-dimethyl-li/-iinidazo[4,5- 
c]pyridin-4-amine; 

1 - {3-[(2,4-difluorophenyl)sulfinyl]propyl} -6,7-dimethyl-2-propyl- ltf-imidazo[4,5- 
c]pyridin-4-amine; 

2-butyl-l - {3-[(2,4-difluorophenyl)sulfinyl]propyl} -6,7-dimemyl-l#-imidazo[4,5- 
c]pyridin-4-amine; 

2-ethoxymethyl-l - {3-[(2,4-difluorophenyl)sulfinyl]propyl} -6 ,7-dimethyl-l#-imidazo[4,5 
c]pyridin-4-amine; 

l_{3^(2,4-difluorophenyl)sulfmyl^ 
c]pyridin-4-amine; 

2-cyclopropylmethyl-l-{3-[(2,4-difludrophenyl)sulfinyl]propyl}-6,7-dimethyl-li/- 

imidazo[4,5-c]pyridin-4-amine; 
1 5 7-methyl-l -[3-(methylthio)propyl]4H-iinidazo[4,5-c]pyridin-4-amine; 
2,7-dime%l-l-[3-(methylthio)propyl]-lH-imidazo[4,5-c]pyridm-4-amine; 
2-ethyl-7-methyl-l-[3<methylthio)propyl]4if-imidazo[4,5-c]pyri(Un-4-ami 

6J-dimethyi-l-[3<methyltMo)propyl^ 

2-butyl-7-methyl-l-[3-(methylttoo)pro^ 
20 2-ethoxymethyl-7-methyl-l-[3-(methylthio)propyl]-m-imidazo[4,5-c]pyridm^ 

2-methoxyethyl-7-methyl-l-[3-(mdhyltWo)propyl]-lH-imidazo[4,5-c]pyridi^^ 

2-cyclopropylmethyl-7-methyl-l-^^ 
amine; 

7-methyl-l-[3Kmethylsulfonyl)propyl]4H-imidazo[4,5-c]pyridm-4-amine^ 

25 2,7-dimethyl-l-[3-(methylsulfonyl)propy^ 
2-ethyl-7-methyl-l-[3-(methy^^ 
7-methyl-l-[3-(methylsulfonyl)propyl]-2-pro^^ 
2-butyl-7-methyl-H3-(methylsmfonyl)pr^^^ 
2-emoxymemyl-7-memyl-l-[3-(memylsulfony^ 

30 amine; 

2-methoxyetoyl-7-methyl-l-[3-(memylsd^ 

amine; 
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2-cyclopropylmethyl-7-methyl4-[3-(methylsulfonyl)propyl]4H-inudazo[4,5-c]pyrid 
amine; 

7<nethyM-[3<methylsulfibiyl)propylH 
2J-dimethyU-[3<methylsulfinyl)propylH#^^^ 

5 2-ethyl-7-methyl- 1 -[3-(methylsulfinyl)propyl]- 1 H-iinidazo[4,5-c]pyridm^-ainine; 
7-methyl^-[3Kmethylsulfmyl)propyl]-2-propyl-l//-imidazo[4,5-c]py^ 

2-butyl-7<nethyl4-[3<memylsulfmyl^^ 
2-etooxymethyl-7-methyl-l-[3-(m^^ 

amine; 

10 2-methoxyethyl-7-memyl443Kmethylsulfinyl)propyl]4//-imidazo[4,5-c]pyridin-4- 
amine; 

2-cyclopropytaethyl-7-methyH-[3<me^ 
amine; 

7-methyl4-[3-(phenylthio)propyl]-l^midazo[4,5-c]pyridin-4-ainme; 
1 5 2,7-dimethyl- 1 -[3-(phenyltWo)propyl]4//-imidazo[4,5-c]pyridm^amine; 
2-ethyl-7-methyl-l-[3-(phenylthio)propyl]-lH^nndazo[4,5-c]pyri(lin^-ai^ 

7-methyH-[3-(phenyltMo)propyl]-2-propyMi^ 

2-butyl-7-memyl-l-[3-(phenyltMo)propyl]-l//-imidazo[4,5-c]pyridin-4-amine; 
2-emoxymethyl-7-methyl-143-(phenyltmo)propyl]4//-iniidazo[4,5-c]pyri 
20 2-methoxyethyl-7-me1hyl-l-[3-(phenyltmo)propyl]-lH-imidazo[4,5-^ 
2-cyclopropylmemyl-7-methyl4-[3-(phenyl^ 
amine; 

7-methyl4-[3-(phenylsulfonyl)propyl]4H-irnidazo[4,5-c]pyridm^-anTine; 
2,7-dimethyl4-[3-(phenylsulfonyl)propyl]4/f-imidazo[4,5-c]pyridin-4-amine; 
25 2-e%l-7-memyl4-[3-(phenylsulfonyl)propyl]4//-inndazo[4,5-c]pyridm-4-amine; 
7-methyl443-(phenylsulfonyl)propyl]-2-propyl4/f-imidazo[4,5-c]pyridm-4-amine; 
2-butyl-7-methyl4^3-(phenylsulfonyl)propyl]4//-imidazo[4,5-c]pyridm-4-amine; 

2-emoxymethyl-7-memyM43-(phenylsulfonyl^^ 

amine; 

30 2-metayethyl-7-methyM-[3Kpheny^ 
amine; 
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2^yclopropylmethyl-7-methyl4-[3-^ 
amine; 

7-methyM-[3-(phenylsulfiny^ 
2/7-dimethyM-[3-(phenylsulfinyl)propy 

5 2-ethyl-7-metoyM-[3-(phenylsulmiyl)pro^^ 

7-methyl4-[3-(phenylsulfmyl)propyl]-2-propyl4i/4midazo[4,5-c]pyri 

24>utyl-7-memyM43-(phenylsulfmy^ 
2-efooxymemyl-7-memyM-[3-(phenylsul^ 

amine; 

10 2-memoxyethyl-7<netoyM-[3-(phenyto^ 
amine; 

2<yclopropylmemyl-7-methyM-[3-(phenylsd 
amine; 

7-methyM-[3-(pyrimidin-2-yltmo)p^ 

15 2J-dmetoyM-[3-(pyrmidm-2-ylt^ 

2-ethyl-7-methyl4-[3-(pyrinudin-2-yltmo)propyl]4/^imidazo[4,5-c]pyri 

7-methyM-[3-(pyriinidin-2-yltM^^ 
2-butyl-7-memyl4-[3-(pyrimidm-2-yllthio)propyl]4//-imid 

2-emoxymethyl-7-memyl4-[3-(pyrmiidm-2-ylthio)propyl]4H-^ 
20 amine; 

2-methoxyethyl-7-methyl- 1 43-(pyrimidm-2-yltMo)propyl]4H-miidazo[4 ) 5-c]pyridin-4- 
amine; 

2-cyclopropytaethyl-7-methyM-[3-(p^ 

c]pyridin-4-amine; 
25 7-methyH-[3-(pyrimidm-2-ylsulfonyl^^ 
2J-dimethyM-[3-(pyriniidm-2-ylsulfo^^ 
2-ethyl-7-methyl4-[3-(pyrimidin-2-ylsulfonyl)^ 

amine; 

7-mefoyM-[3-(pyrimidin-2-ylsul^ 

30 amine; 

2-butyl-7-methyM-[3-(pyrimi^^ 

amine; 
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2-etooxyme%l-7-metoyl-l-[3-(pyrM 
4-amine; 

2-methoxyethyl-7-methyl-l-[3-(pyi^ 
4-amine; 

5 2-cyclopropylmethyl-7-methyl-1^3-(pyrimidin-2-ylsulfonyl)propyl]-^ 
c]pyridin-4- amine; 

7-methyl-l-[3-(pyriimdm-2-ylsu^ 

2J-dimefoyl-l-[3-(pyrimidin-2-ylsul^ 
2-ethyl-7-memyl4-[3-(pyrimidin-2-ylsulmiyl)propyl]4H-imidazo[ 
1 0 7-methyl- 1 -[3-(pyrimidm-2-ylsulfmyl)propyl]-2-propyl4//-imidazo[4,5-c]pyridin-4- 

amine; 

2-butyl-7-methyl- 1 -[3 -(pyrimidin-2-ylsulfinyl)propyl] - 1 if-imidazo [4,5 -c]pyridin-4-amine; 

2-emoxymethyl-7-memyl-l-[3-(pyrimidm-^^^ 

4-amine; 

15 2-methoxyethyl-7-methyl-l-[3-(pyrimidm-2-ylsm^ 
4-amine; 

2-cyclopropylmemyl-7-methyl-l-[3-(pyrimi^ 
c]pyridin-4- amine; 

l-[3-(butyltmo)propyl]-7-methyl-l//-imidazo[4,5-c]pyridm-4-amine; 
20 l-[3-(butylmio)propyl]-2,7-dimemyl-lH-imidazo[4,5-c]pyridin-4-amine; 

l-[3-(butylttoo)propyl]-2-emyl-7-memyl-l^ 

1- [3-(butylmio)propyl]-7-memyl-2-propyl-l/f-imidazo[4,5-c]pyridm-4-amine; 

2- butyl-l-[3-(butyltMo)propyl]-7-methyl-l^-imidazo[4,5-c]pyridin-4-amine; 
l-[3-(butylthio)propyl]-2-emoxymemyl-7-methyl-l//-imidazo[4,5-c]pyridm-4-amm 

25 l-[3-(butyltmo)propyl]-2-memoxyethyl-7-mew^^ 

l-[3-(butylthio)propyl]-2-cyclopropylmemyl-7-memyl-l/f-imidazo[4,5-c]pyridin-4- 

amine; 

l-[3-(butylsulfonyl)propyl]-7-methyl-li^-imidazo[4,5-c]pyridin-4-amine; 

l-[3-(butylsulfonyl)propyl]-2/7-dimethyM^^ 
30 l-[3-(butylsulfonyl)propyl]-2-ethyl-7-memyl-l//-imidazo[4,5-c]pyridin-4-amine; 

1- [3-(butylsulfonyl)propyl]-7-memyl-2-propyl-lH-iniidazo[4,5<]pyridin-4-amine; 

2- butyl-l-[3-(butylsulfonyl)propyl]-7-memyl-lH-imidazo[4,5-c]pyridm-4-anim 
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l-[3-(butylsulfonyl)propyl]-2-e^ 
l-[3-(butylsulfonyl)propyl]-2^ 
1 -[3-(butylsulfonyl)pro^ 
amine; 

5 l-[3-(butylsulfinyl)propyl]-7-^^ 
l-[3-(butylsulfinyl)propyl^ 
l-[3-(butylsulfoyl^ 

1- [3-(butylsulfinyl)propyl]-7^ 

2- butyl-l-[3-(butylsumnyl)propyl]-7-methyl-lH-imidazo[4^ 
10 l-[3<butylsulfinyl)propyl]-2-ethoxymethyl-7-methyl«^ 

1 -[3-(butylsulfinyl)propyl]-2-methoxyethyl-6 ,7-dimethyl- lF-imidazo[4,5-c]pyridin-4- 

amine; 

1 -[3-(butylsulfmyl)propy^ 
4-amine; 

15 143-[(2,4-dicMorophenyl)tWo]pro^ 
l-{34(2,4-dicMorophenyl)thio]pro^ 
l.{3_[(2,4-dichlorophenyl)W^ 
amine; 

1- {3-[(2Adichlorophenyl)ttao]propylH 
20 amine; 

2- butyM - {3^(2,4-dicMoropte^ 

amine; 

l-{3-[(2 > 4-dichlorophenyl)thio]propyl}-2-ethoxymethyl-7-me% 

c]pyridin-4-amine; 
25 l-{3-[(2,4-dichlorophenyl)to^ 
c]pyridin-4-amine; 

1 . {3-[(2,4-dichlorophenyl)thio]propyl} -2-cyclopropylmethyl-7-methyl-l/f--imidazo[4,5- 

c] pyridin-4- amine ; 
l-{3-[(2,4-dichlorophenyl)sulfo^^ 
30 l-{3-[(2,4-dichlorophenyl)su^ 
amine; 
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1- {3-[(2,4-dicUorophenyl)sutfon^ 
4-amine; 

1 . {3-[(2,4-dichlorophenyl)sulfonyl]propyl} -7-methyl-2-propyl-lH-imidazo[4,5-c]pyridin- 
4-amine; 

5 2-butyl- 1 - {3-[(2,4-dichlorophenyl)sulfonyl]propyl} -7-methyl4F-imidazo[4,5-c]pyridin- 
4-amine; 

l.{3-[(2,4-dicmorophenyl)sulfonyl]propyl}-2-ethoxymethyl-7-methyl4H-imid^ 
c]pyridin-4-amine; 

l-{3-[(2,4-dichlorophenyl)sulfonyl]propy^ 

10 c]pyridin-4-amine; 

l.{3_[(2,4-dicWorophenyl)sulfonyl]propyl}-2-cyclopropylmethyl-7-methyl-lff- 

imidazo[4,5-c]pyridin-4-amine; 

l-{3-[(2,4-dicMorophenyl)sulftayl]propylH^ 

l_{3-[(2,4-dicMorophenyl)suMnyl]propyl}-2J-^ 

15 amine; 

1 . (3-[(2,4^ichlorophenyl)sulfmy^ 

amine; 

l.{3.[(2,4-dicWorophenyl)sulfinyl]propyl}-7-methyl-2-propyl4H4midazo[4,5-c]pyridin- 
4-amine; 

20 2-butyl-l-{3-[(2A^chlorophenyl)sulfmyl]propyl}-7-methyl-lH-imid^ 
amine; 

l_{3-[(2,4-dichlorophenyl)sulfmyl]propy^^ 
c]pyridin-4-amine; 

1 . {3-[(2,4-dichlorophenyl)sulnnyl]propyl} -2-methoxyethyl-7-methyl- l/f-imidazo[4,5- 

25 c]pyridin-4-amine; 

l.{3.[(2,4-dichlorophenyl)sulfinyl]propyl}-2-cyclopropylmethyl-7-methyl-lif- 

imidazo[4,5-c]pyridin-4-amine; 

1 - {3-[(2,4-difluorophenyl)thio]propyl} -6-memyl4H4midazo[4,5-c]pyridin-4-amme; 
1 . {3-[(2,4-difluorophenyl)thio]propyl} -2 J-dmiethyl-lif-miidazo[4,5-c]pyridm-4-amine; 
30 2-emyl4-{3-[(2,4-difluorophenyl)tmo]propyl}-7-methyl4H4midazo[4,5-c]pyridin-4- 

amine; 
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1- {3-[(2,4-difluorophenyl)thio]propyl} -7-methyl-2-propyl-l^iniidazo[4,5-c]pyridin-4- 
amine; 

2- butyl- 1 - {3-[(2,4-difluorophenyl)thio]propyl} -7-methyl-li/-iinidazo[4,5-c]pyridin-4- 
amine; 

5 2-ethoxymethyl-l-{3-[(2,4-difluorophenyl)thio]propyl}-7-methyl-l//-iim 
c]pyridin^amine; 

1 . {3-[(2 ,4-difluorophenyl)thio]propyl} -2-methoxyethyl-7-methyl-m-imidazo[4,5- 
c]pyridin-4-amine; 

2-cyclopropylmethyl4-{3-[(2 5 4-dmuorophenyl)thio]propyl}-7-methyl-1^4 

10 c]pyridin-4- amine; 

1 . {3-[(2,4-difluorophenyl)sulfonyl]propyl} -7-methyl4/f-imidazo[4,5-c]pyridm^-amine; 

1- {3-[(2,4-difluorophenyl)sulfonyl]propyl}-2J-dimemyl4H-imidazo[4,5-c]pyri 

amine; 

2- emyM-{34(2,4-difluorophenyl)smfonyl]pro 

15 amine; 

l_{34(2,4-difluorophenyl)sulfonyl]propyl^^ 

4-amine; 

2-butyl4-{3-[(2,4-difluorophenyl)sulfonyl]propyl}-7-methyl4/f4midazo[4,5-c]pyridin-4- 
amine; 

20 2-efooxymethyl-l-{3-[(2,4-difluoropheny^ 
c]pyridin-4-amine; 

1- {3-[(2,4-difluorophenyl)sulfonyl]propyl}-2-memoxyemyl-7-me1hyl-l/J r -imidazo[4,5- 
c]pyridin-4-amine; 

2- cyclopropylmethyl-l-{3-[(2,4-difluorophenyl)sulfonyl]propyl}-7-methyl-lif- 

25 miidazo[4,5-c]pyridm-4-amine; 

l-{3-[(2,4-difluorophenyl)sulfmyl]propyl}-7-methyl4i?4midazo[4 ) 5-c]pyridin-4-amine; 

1- {3_[(2,4-difluorophenyl)sulfinyl]propyl}^ 
amine; 

2- ewyl-l-{3-[(2,4-difluorophenyl)sulfinyl]prop^ 
30 amine; 

l-{34(2 J 4-difluorophenyl)sulfinyl]propyl}-7-memyl-2-propyl4if-imidazo[4,5-c]pyridm- 
4-amine; 
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2-butyl-l-{3-[(2,4^ifluoropheny^ 
amine; 

2-ethoxymethyl-l-{34(2Adifluorophenyl)sulfmyl]propyl}-7-methyl4H-imid 
c]pyridin-4-amine; 

5 i.{3.[(2,4-difluorophenyl)sul^yl]propyl}-2-me1hoxyethyl-7-methyl4//-imid 
c]pyridin-4-amine; 

2-cyclopropylmethyl-l - {3-[(2,4-difluorophenyl)sulfinyl]propyl} -7-methyl-l tf- 
imidazo[4,5-c]pyridm-4-amine; 

6,7-dimethyl-l-[4-(methylMo)^ 
10 2,6,7-trimethyl-l-[4-(methyltWo)butyl]4H-imidazo[4,5-c]pyridm 

2-eftyl-6/7-dime%M44<memylthio)butyl>^ 
6/7-dimetoyl-l-[4<methyltmo)butyl]-2-pro^^ 

2-butyl-6J-dimethyl^-[4-(methyltmo)butyl]4H4midazo[4,5-c]pyridm-4- 
2-ethoxymethyl-6J-dimethyl4-[4Kmethyltmo)butyl]4iy-iimdazo[4,^ 
15 2-methoxyethyl-6J-(iimethyl-l-[4<memyltmo)butyl]4/f-iimdazo[4,5 

2-cyclopropytaiethyl-6J-dime%14-[4-(raethylthio)butyl]-liy-imidazo[4,5-c] 

amine; 

6,7-dimethyl444<methylsulfonyl)butyl]-m-imidazo[4,5-c]pyridm-4-amine; 
2,6,7-trimethyl- 1 -[4-(methylsulfonyl)butyl]-lH-imidazo[4 s 5-c]pyridin-4-amine; 
20 2-ethyl-6J-dimethyM-[4<methylsulfony 

6/7-dimethyl-H4<methylsulfonyl)butyl]-2^^^ 

24>utyl-6/7-dimethyM-[4<methylsulfonyO^^^ 

2-ethoxymethyl-6J-dimemyl4-[4-(memylsulfo^^ 

amine; 

25 2-methoxyethyl-6J-dimethyl-l-[4<methylsulfon^ 
amine; 

2-cyclopropylmethyl-6jHiimemyl-l-[4<me^ 
4-amine; 

6J-dimethyl4-[4^methylsulfinyl)butyl]-17i-inudazo[4 > 5-c]pyridm-4-amine; 

30 2,6J-trimethyl-l-[4<memylsulfmyl)bu^^^ 

2-ethyl-6>dimethyl-l-[4-(memylsulfinyl)b^^ 
6J-dimethyl-l-[4-(methylsulfmyl)butyq^ 
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2-butyl-6,7-dimethyl- 1 -[4-(methylsulfinyl)butyl]~ lif-imidazo[4 5 5-c]pyri<Un-4-ainine; 
2-ethoxymethyl-6,7-dimethyl- 1 -[4-(methylsulfinyl)butyl]- l//-imidazo[4,5-c]pyridin-4- 
amine; 

2-methoxyethyl-6 5 7-dimethyl- 1 -[4-(methylsdfinyl)butyl]-l//-imidazo[4 ? 5-c]pyridin-4-- 
5 amine; 

2-cyclopropylmethyl-6,7-dimethyl- 1 -[4-(methylsulfinyl)butyl]- 177-imidazo[4,5-c]pyridin- 
4-ainine; 

6J-dimethyH-[4-(phenylthio)butyl^^ 
2,6,74rimethyl-l-[4-(phenylthio)bu^ 
1 0 2-ethyl-6,7-dimethyl- 1 -[4-(phenylthio)butyl]- 177-imidazo[4,5-c]pyridin-4-amine; 
67-dimethyM-[4-(phenylthio)buty^ 

2-butyl-6,7-dimethyl- 1 -[4-(phenylthio)butyl]- l//^imidazo[4,5-c]pyridin-4-amine; 
2-ethoxymethyl-6,7-dimethyl- 1 -[4-(phenyltWo)butyl]4H-imidazo[4,5-c]pyridin-4-amine; 
2-methoxyethyl-6,7-dimethyl- 1 -[4-(phenylthio)butyl]- 1 J^imidazo[4,5-c]pyridin-4-amine;. 
1 5 2-cyclopropybnethyl-6,7-dimethyl- 1 -[4-(phenylthio)butyl] - 1 if-imidazo [4,5-c]pyridin-4- 
amine; 

6 J-dimethyl- 1 ~[4-(phenylsulfonyty^ 
2,6J4rimethyl-l-[4-(phenylsulfonyl)b^ 
2-ethyl-6,7-dimethyl-l-[4-(phenylsulfon^ 
20 6/7-dimethyM-[4-(phenylsulfonyl^ 
2-butyl-6,7-dimethyM -[4-(pheny^ 

2-ethoxymethyl-6,7-dimethyl- 1 -[4-(phenylsulfonyl)butyl]4/f-imidazo[4,5-c]pyridin-4- 
amine; 

2-methoxyethyl-6 J-dimethyl- 1 -[4-(phenylsulfonyl)butyl]- l#-imidazo[4,5-c]pyridin-4- 
25 amine; 

2-cyclopropylmethyl-6 ,7-dimethyl- 1 -[4-(phenylsulfonyl)butyl]- l#-imidazo[4,5-c]pyridin- 
4-amine; 

6J-dimethyl-l-[4-(phenylsulfinyl)buty^^^ 
2,6,7-trimethyl- 1 -[4-(phenylsulfinyl)butyl]4^^ 
30 2-ethyl-6jKiimethyl-l-[4-(pheny^ 

6 ,7-dimethyl- 1 -[4-(phenylsulfinyl)butyl] -2-propyl4//-imidazo[4,5-c]pyridin-4-amine; 
2-butyl-6,7-dimethyl- 1 -[4-(phenylsulfinyl)butyl]- l/^imidazo[4,5-c]pyridin-4-amine; 
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2-ethoxymethyl-6J-dime^ 
amine; 

2-methoxyetJiyl-6 J-dimethyl- 1 -[4-(phenylsulfm 
amine; 

5 2-cyclopropylmethyl-6,7-dimethyl-l-[4-(pte 
4-amine; 

6,7-dimethyl- 1 -[4-(pyrunidin-2--ylthio)butyl]-l Jf-imidazo[4,5-c]pyridin-4-amine; 
2,6 J-trimethyl- 1 -[4-(pyrinrid 
2-ethyl-6,7~dimethyl-l-[4-(pyrimidm^ 
10 6,7-dimethyl- 1 -[4-(jpyrimidin-2-ylthio)butyl]-2-propyl- l#-imidazo[4 s 5-c]pyridin-4-amine; 
2-butyl-6,7-dimethyl-l-[4-(pyr^ 

2-ethoxymethyl-6,7-chmethyl- 1 -[4-(pyrimidin-2-ylthio)butyl]- li/-imidazo[4,5 -c]pyridin- 
4-amine; 

2-methoxyethyl-6 ,7-dimethyl- 1 -[4-(pyrimidin-2-ylthio)butyl]-l^-imidazo[4,5-c]pyridin- 
1 5 4-amine; 

2-cyclopropylmethyl-6,7-dimethyl- 1 -[4-(pyrimidin-2-ylthio)butyl]- 1 #-imidazo[4,5- 
c]pyridin-4-amine; 

6,7-dimethyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- l/Wmidazo[4,5-c]pyridin-4-amine; 
2,6,7-trimethyl-l -[4-(pyrim 
20 2-ethyl-6,7-dimethyl-l-[4-(pyrimidin-2-ylsulfonyl)butyl]-l^ 
amine; 

6,7-dimethyl- 1 - [4-(pyrimidin-2-ylsulfonyl)butyl]-2-propyl- l#-imidazo[4,5-c]pyridin-4- 
amine; 

2-butyl-6,7-dimethyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- l#-imidazo[4,5-c]pyridin-4- 
25 amine; 

2-ethoxymethyl-6 ,7-dimethyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- l//-imidazo[4,5- 
c]pyridin-4-amine; 

2-methoxyethyl-6 5 7-dimethyl-l-[4-(pyrimidin-2-ylsulfo 
c]pyridin-4-amine; 

30 2-cyclopropylmethyl-6,7-dimethyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- l/Wmidazo[4,5- 
c]pyridin-4-amine; 

6,7-dimethyl- 1 -[4-(pyrimidin-2-ylsulfinyl)butyl]- 1/f-imidazo [4,5-c]pyridin-4-amine; 

< 
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2,6 J-trimethyl" 1 - [4-(pyrinudin-2-ylsulfin^ 
2-ethyl-6,7-dimethyl- 1 -[4-(pyrimidin-2-ylsulfin 
amine; 

6J-dimethyl-l-[4~(pyrimd^ 
5 amine; 

2-butyl-6 J-dmethyl- 1-^ 
amine; 

2-ethoxymethyl-6,7-dimethyl- 1 -[4-(pyrimidin-2-ylsulfinyl)butyl]- l#-imidazo[4,5- 
c]pyridin-4-amine; 
10 2-methoxyethyl-6,7-dimethyl-l-[4-(pyrimidin-2-ylsulfinyl)butyl] 
c]pyridin-4-amine; 

2-cyclopropylmethyl-6J-dimetty^ 
c]pyridin-4-amine; 
l-[4-(butyltMo)butyl]-6J-dim 
1 5 1 -[4-(butylthio)butyl] -2,6,7-trimethyl- 1 jy4midazo[4,5-c]pyridin-4-ainine; 

1 -[4-(butylthio)butyl]-2-ethyl-6 ,7-dimethyl- 1 //-imidazo[4,5-c]pyridin-4-amine; 

1- [4-(butylthio)butyl]-6J-dimet^ 

2- butyl-l -[4-(butylthio)butyl^ 
l-[4<butyltoo)butyl]-2-ethoxymet^ 

20 1 -[4-(butylthio)butyl]-2-methoxyethyl-6,7-dimethyl- l#-imida2:o[4,5-c3pyridin-4-airrine; 
1 -[4-(butylthio)butyl]-2-cyclopropylmethyl-6 ,7-dimethyl- lif-imidazo[4,5-c]pyridin-4- 
amine; 

1 -[4-(butylsulfonyl)butyl]-6^ 

1 -[4-(butylsulfonyl)butyl]-2,6 3 7-trimethyl- l//-imidazo[4,5-c]pyridin-4-amine; 
25 l-[4-(butylsulfonyl)butyl]-2-eto^ 

1- [4-(butylsulfonyl)butyl]-6J-dimeft^^ 

2- butyM^4-(butylsulfonyl)butyl]^ 
1 -[4-(butylsulfonyl)butyl]-2-efo^ 
amine; 

30 H4-(butylsulfonyl)butyl]-2-metto^^ 
amine; 
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l-[4-(butylsulfonyl)butyl]-2-^ 
4-amine; 

1 -[4-(butylsulfinyl)butyl] -6,7-dimethyl- li/-imidazo[4,5-c]pyridin-4-amine; 
1 -[4-(butylsulfinyl)butyl]-2,6 ,7-trimethyl- li/-imidazo[4,5-c]pyridin-4-amine; 
5 l-[4-(butylsulfinyl)butyl]-2-ethy^ 

1- [4-(butylsulfinyl)butyl]-6,7^ 

2- butyl-l-[4-(butylsuliinyl)bu^^ 

1 -[4-(butylsulfinyl)butyl]-2-ethoxymethyl-6 ,7-dimethyl- l/Wmidazo[4,5-c]pyridin-4- 
amine; 

10 l-[4~(butylsulfinyl)butyl]-2-^ 
amine; 

1 -[4-(butylsulfinyl)butyl]-2-cyclopropyImethyl-6 ,7-dimethyl- l//-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-dichIorophenyl)thio]butyl} -6,7-dimethyl- l^-imidazo[4,5-c]pyridin-4«aiiiine; 
15 1 - {4-[(2,4-dichlorophenyl)thio]butyl} -2,6 J-trimethyl-li^imidazo[4 5 5-c]pyridin-4-amine; 
1 - {4-[(2,4-dichlorophenyl)thio]butyl} -2-ethyl-6,7-dimethyl- li/-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-dichlorophenyl)thio]butyl} -6,7-dimethyl-2-propyl- l#-imidazo[4,5-c]pyridin-4- 
amine; 

20 2-butyl- 1 - {4-[(2,4-dichlorophenyl)thio]butyl} «6,7-dimethyl- li/-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-dichlorophenyl)thio]butyl} -2-ethoxymethyl-6,7-dimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)thio]butyl} -2-methoxyethyl-6,7-dimethyl-l//-imidazo[4 9 5- 
25 c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)thio]butyl} -2-cyclopropylmethyl-6,7-dimethyl- 1 H- 
imidazo[4,5-c]pyridin-4- amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -6,7-dimethyl- li/-imidazo [4,5-c]pyridin-4- 
amine; 

30 l-{4-[(2,4-dichlorophenyl)sulfc 
amine; 
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1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -2-ethyl-6 3 7-dimethyl-li/-iiiiidazo[4,5- 
c]pyridin-4-amine; 

1- {4-[(2,4-dicMorophenyl)sulfony^^ 
c]pyridin-4-amine; 

5 2-butyl- 1 - {4-[(2 3 4-dichlorophenyl)sulfonyl]butyl} -6 J-dimethyl-lH-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -2-ethoxymethyl-6,7-dimethyl- l#-iinidazo[4,5- 
c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -2-methoxyethyl-6,7-dimethyl-l/f-imidazo[4,5- 
10 c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -2-cyclopropylmethyl-6,7-dimethyl- lff- 
imidazo[4,5-c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} ~6 ? 7-dimethyl^77-imidazo[4,5-c]pyridin-4- 
amine; 

15 1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2,6 J-trimethyl- li?-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2-ethyl-6 J-dimethyl-lH-imidazo[4,5-c]pyridin- 
4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -6,7-dimethyl-2-propyl-lfl r -iiiudazo[4,5- 
20 c]pyridin-4-amine; 

2- butyl- 1 - {4- [(2,4-dichlorophenyl)sulfinyl]butyl} -6,7-dimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2-ethoxymethyl-6,7-dimethyl-l/7-iinidazo[4,5- 
c]pyridin-4-amine; 

25 1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2-methoxyethyl-6,7-dimethyl-lH-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2-cyclopropyknethyl-6,7-dimethyl- \H- 
imidazo[4,5-c]pyridin-4-amme; 

1- {4-[(2,4-difluorophenyl)thio]butyl}-6,7-dimethyl-lif-imidazo[4,5- 

30 1 - {4-[(2,4-difluorophenyl)thio]butyl} -2,6,7-trimethyl- l//-imidazo[4,5-c]pyridin-4-amine; 

2- ethyl-l-{4-[(2,4-difluoroph^^ 
amine; 
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1 - {4-[(2,4-difluorophenyl)thio]butyl} -6 ,7-dimethyl-2-propyH Jf?-imidazo[4,5-c]pyridin-4- 
amine; 

2-butyl-l- {4-[(2,4-difluorophenyl)thio]butyl} -6 J-dimethyl-lJ^-imidazo[4,5-c]pyridin-4- 
amine; 

5 2-ethoxymethyl- 1 - {4-[(2,4-difluorophenyl)thio]butyl} -6,7-dimethyl- li/-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {4-[(2,4-difluorophenyl)thio]butyl} -2-methoxyethyl-6,7-dimethyl- li/-imidazo[4,5- 
c]pyridin-4- amine ; 

2-cyclopropylme%M - {4-[(2,^ 
10 c]pyridin-4-amine; 

1 - {4-[(2 ,4-difluorophenyl)sulfonyl]butyl} -6 J-dime%l-li/-imidazo[4 3 5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-difluorophenyl)sulfonyl]butyl} -2,6 J-trimethyl-liy-imidazo[4,5-c]pyridin-4- 
amine; 

15 2-e%M-{4-[(2,4-ctifluorophen^ 
c]pyridin-4-amine; 

1 - {4-[(2,4-difluorophenyl)sulfonyl]butyl} -6,7-dimethyl-2«propyl- l^T-hnidazo^^- 
c]pyridin-4-amine; 

2-butyl-l-{4-[(2^difluorophenyl)sulf^^^ 
20 c]pyridin-4-amine; 

2-ethoxymethyl-l-{4-[(2,4-difluorop 
c]pyridin-4-amine; 

1- {4-[(2,4-difluorophenyl)sulfo^^ 
c]pyridin-4-amine; 

25 2-cyclopropylmethyl- 1 - {4-[(2,4-difluorophenyl)sulfonyl]butyl} -6,7-dimethyl- 1#- 
imidazo[4,5-c]pyridin-4-amine; 

1 - {4-[(2,4-difluorophenyl)sulfinyl]butyl} -6,7-dimethyl- ltf-imidazo[4,5 -c]pyridin-4- 
amine; 

1 - {4-[(2,4-difluorophenyl)sulfmyl]butyl} -2,6 J-trimethyl-liZ-imidazo^^-clpyridin^- 
30 amine; 

2- ethyl-l- {4-[(2,4-difluorophen^ 
4-amine; 
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1 - {4-[(2,4-difluorophenyl)sulfinyl]butyl} -6 J-dimethyl-2-propyl-l//-imidazo[4,5- 
c]pyridin-4-amine; 

2-butyl-l-{4-[(2,4-cMuorophenyl)sulf^ 
4-amine; 

5 2-ethoxymethyl-l-{4-[(2 > 4-difluorophenyl)sulfinyl]butyl}-6,7^ 
c]pyridin-4-amine; 

1- {4-[(2,4-difluorophenyl)sulfinyl]butyl} ^-methoxye^l-e^-dimethyl-lH-iinidazo^^- 
c]pyridin-4-amine; 

2- cyclopropylmethyl- 1 - {4-[(2,4-difluorophenyl)sulfinyl]butyl} -6,7-dimethyl-li/- 
10 imidazo[4,5-c]pyridin-4-amine; 

7-methyl- 1 -[4-(methylthio)butyl]- liy-imidazo[4,5-c]pyridin-4-amine; 

2J-dimethyl-l-[4-(methylthio)b^ 

2-ethyl-7-methyl-l-[4-(methyltMo)b^^^ 

6,7-dimethyl- 1 -[4-(methylthio)butyl]-2-propyl- 1 imidazo [4 , 5 ~c]pyridin- 4-amine ; 
1 5 2-butyl-7-methyl- 1 -[4-(methylthio)butyl] - 1 //-imidazo [4,5 -c]pyridin-4- amine; 

2-ethoxymethyl-7-methyl- 1 -[4-(methylthio)butyl]- l//-imidazo[4,5-c]pyridin-4-amine; 

2-methoxyethyl-7-methyl-l-[4-(methyl^ 

2-cyclopropylmethyl-7-methyl-l-[4-(metfy^ 

amine; 

20 7-methyl- l-[4-(methylsulfonyl)butyl]-l/f-imidazo [4,5-c]pyridin-4-amine; 
2,7-dimethyl- 1 -[4-(methylsulfonyl)butyl]4#-i^ 
2-ethyl-7-methyl-l-[4-(methyls^ 

7-methyl-l-[4-(methylsulfonyl)butyl]-2-propyl-lH-imidazo[4 5 5-c]pyri 
2-butyI-7-methyl- 1 - [4-(methylsulfonyl)butyl] - 1 H-imidazo [4,5-c]pyridin-4-amine; 
25 2-ethoxymethyl-7-methyl-l-[4-(met^ 

2-methoxyethyl-7-methyl- 1 -[4-(methylsulfonyl)butyl]- l//-imidazo[4 3 5-c]pyridin-4-amine; 
2-cyclopropylmethyl-7-methyl- 1 -[4-(methylsulfonyl)butyl]- l//-imidazo[4,5-c]pyridin-4- 
amine; 

7-methyl- 1 -[4-(methylsulfinyl)butyl]- lH-imidazo[4 9 5-c]pyridin-4-amine; 
30 2J-dimethyl-l-[4-(methylsulfinyl)butyl]-l^-imidazo[4,5-c]pyridin-4-amine; 

2-ethyl-7-methyl- 1 -[4-(methylsulfmyl)butyl]- l#-imidazo[4,5-c]pyridin-4-amine; 
7-methyl-l -[4-(methylsulfinyl)butyl]-2-propyl- 1 tf-iinidazo[4,5-c]pyridin-4-amine; 
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2-butyl-7-metiiyl- 1^4-^ 
2-ethoxymethyl-7-methyl-l-[4-(me%^ 

2-methoxyethyl-7-methyl- 1 -[4-(methylsulfinyl)butyl]- l#-imidazo[4,5 -c]pyridin-4-amine; 
2-cyclopropylmethyl-7-methyl-l-[4-(me^ 
5 amine; 

7-methyl- 1 -[4-(phenylthio)butyl]- l/f-imidazo[4,5-c]pyridin-4-amine; 
2,7-dimethyl-l-[4-(phenylthio)bu^ 

2-ethyl-7-methyl-l -[4-(phenylthio)butyl]4^-imidazo[4,5^]pyridin-4-amine; 
7-me%l-l-[4-(phenyltlno)butyl^ 
1 0 2-butyl-7-methyl- 1 -[4-(phenylthio)butyl]- li/-irnidazo[4,5-c]pyridin-4-amine; 
2-ethoxymethyl-7-me1hyl-l-[4-(phenylt^^ 

2-methoxyethyl-7-methyl-l-[4-(phenylthio)butyl]-l^imid^ 

2-cyclopropylmethyU7-me%l-l-[4^ 

amine; 

15 7-methyl-l-[4-(phenylsulfonyl)buty^ 

2,7-dimethyH-[4-(phenylsulfonyl)butyl]- li/-imidazo[4,5-c]pyridin-4-amine; 
2-ethyl-7-methyl-l-[4-(phenylsulfo^ 

7-methyl- 1 -[4-(phenylsulfonyl)butyl]-2-propyl- ltf-imidazo[4,5 -c]pyridin-4-amine; 
2-butyl-7-me%l-l-[4-(phenylsulfo^^ 
20 2-ethoxymethyl-7-me%l-l-[4-(phenyls^ 

2-methoxyethyl-7-methyl- l-[4-(phenylsulfonyl)butyl]- l//-imidazo[4,5-c]pyridin-4-amine; 

2-cyclopropylmethyl-7-methyl-l-[4-^^ 

amine; 

7-me%l-l-[4-(phenyisulfmyl)butylH^^^ 
25 2,7-dimethyl-l-[4-(phenylsulfinyty 

2-ethyl-7-methyl- 1 -[4-(phenylsulfinyl)butyl] - li7-imidazo[4,5-c]pyridin-4-amine; 

7-me%l-l-[4-(phenylsulfinyl)bu^ 

2-butyl-7-methyl-l-[4-(phenylsulfiny^^ 

2-ethoxymethyl-7-methyl-l-[4-(phenylsul^^ 

30 2-methoxyethyl-7-methyl-l-[4-^ 

2-cyclopropylme%l-7-methyl-l-[4-(phe 
amine; 
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7-methyl-l-[4-(pyrimidin-2-ylt^^ 
2 J-dimethyl- 1 -[4-(pyriniidin-2-yltW 

2-ethyl-7 -methyl- 1 -[4-(pyrimidin-2-ylthio)butyl]- liZ-iinidazo^^-cJpyridin^-amine; 
7 -methyl- 1 - [4-(pyriimd 
5 2-butyl-7-methyl-l-[4-(pyrimidin-2-yU 

2-ethoxymethyl-7~methyl-l-[4-(pyrimidin-2-ylthio 
amine; 

2-methoxyethyl-7-methyl- 1 -[4-(pyrimidin-2-ylthio)butyl]- li/-imidazo[4,5-c]pyridin-4- 
amine; 

10 2-cyclopropytaethyl-7-methyl-l-[4-^ 
4-amine; 

7-methyl-l-[4-(pyrimidin-2-ylsulfon^ 

2 ,7-dimethyl- 1 -[4-(pyriiiiidin-2-ylsulfonyl)butyl] - 1 H-imidazo[4 J 5-c]pyridin-4-amine; 
2-ethyl-7-methyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- l//-imidazo[4,5-c]pyridin-4-amine; 
1 5 7-methyl-l -[4-(pyrimidin-2-ylsulfonyl)butyl]-2-propyl-l^ 
amine; 

2-butyl-7-methyl-l-[4-(pyrin^ 

2-ethoxymethyl-7-methyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- l#-imidazo[4,5-c]pyridin- 
4-amine; 

20 2-methoxyethyl-7-methyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- li/-imidazo[4,5-c]pyridin- 
4-amine; 

2-cyclopropylmethyl-7-methyl- 1 -[4-(pyrimidin-2-ylsulfonyl)butyl]- l//-imidazo[4,5- 
c]pyridin-4-amine; 
7-methyl- 1 -[4-(pyrimidin-2-ylsulfin 
25 2,7-dimethyl-l -[4-(pyrimidin-2-ylsulfinyl)butyl]- li/-iirddazo[4,5-c]pyridin^-amine; 
2-ethyl-7-methyl- 1 -[4-(pyrimidin^ 
7-methyl-l-[4-(pyrimidin-2-ylsulfm^ 
2-butyl-7-methyl-l-[4-(pyrimidin-2-yte^^ 

2-ethoxymethyl-7-methyl- 1 -[4-(pyrimidin-2-ylsulfinyl)butyl]- li/-imidazo[4,5-c]pyridin- 
30 4-amine; 

2-methoxyethyl-7-methyl- 1 -[4-(pyrimidin-2-ylsulfinyl)butyl] - l/f-imidazo[4,5-c]pyridin- 
4-amine; 
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2-cyclopropylmethyl-7-methyl- 1 -[4-(pyrimidin-2-ylsulfinyl^ [4,5- 
c]pyridin-4-amine; 

1 -[4-(butylthio)butyl]-7-methyl- lff-imidazo[4,5-c]pyridin-4-aniine; 
1 -[4-(butyltMo)butyl]-2,7-dime^ 
5 l-[4-(butylthio)butyl]-2-et^ 

1 - [4-(butylthio)butyl]-7^ 

2- butyl-l-[4-(butylthio)butyl]-7-m^ 
l-[4-(butylthio)butyl]-2-ethoxymethyl-7-methyl-lj^ 

1 -[4-(butylthio)butyl] -2-methoxyethyl-7-methyl- li7-unidazo[4,5-c]pyridin-4-amine; 
10 l-[4-(butylttoo)butyl]-2-cyclopro^ 

1 -[4-(butylsulfonyl)butyl]-7-methyl- l//-imidazo[4,5-c]pyridin-4-aniine; 
l-[4-(butylsulfonyl)butyl]-2,^^ 

■ 

l-[4-(butylsulfonyl)butyl]-2-e^ 
l-[4-(butylsulfonyl)butyl]-7-^ 
15 2-butyl-l-[4-(butylsulfonyl)butyl]-7^ 
l-[4-(butylsulfonyl)butyl]^ 

1 -[4-(butylsulfonyl)butyl] -2-methoxyethyl-7-methyl- l#-imidazo[4,5-c]pyridin-4-amine; 
1 -[4-(butylsulfonyl)butyl]-2-cyclopropylmethyl-7-methyl- l//-imidazo[4,5-c]pyridin-4- 
amine; 

20 1 -[4-(butylsulfinyl)butyl]-7-methyl- li7-iinidazo[4,5-c]pyridin-4-aiTiine; 

1 - [4-(butylsulfinyl)butyl] -2, 7 -dimethyl- 1 //-imidazo[4,5-c]pyridin-4-amine; 

1- [4-(butylsulfinyl)butyl]-2-e^ 

1 - [4-(butylsulfinyl)butyl] -7-methyl-2-propyl- lif-imidazo[4,5 -c]pyridin-4-amine; 

2- butyl- 1 -[4-(butylsulfinyl)b^ 

25 l-[4-(butylsulfmyl)butyl]-2-ethox^ 

1 -[4-(bulylsulfinyl)butyl]-2-methoxyethyl-6 3 7-dimethyl- l#-imidazo[4,5-c]pyridin-4- 
amine; 

1 -[4-(butylsulfinyl)butyl]-2-cyclopropylmethyl-6 ,7-dimethyl- li7-imidazo[4,5-c]pyridin-4- 
amine; 

30 1 - {4-[(2,4-dichlorophenyl)thio]butyl} -7-methyl- l#-imidazo[4,5-c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)thio]butyl} -2 J-dimethyl-l/f-imidazo[4,5-c]pyridin-4-amine; 
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1 - {4-[(2,4-dichlorophenyl)tMo^ 
amine; 

1 - {4-[(2,4-dicMorophenyl)to 
amine; 

5 2-butyl-l - {4-[(2,4-dichlorophenyl)thio]butyl} -7-methyl-l//-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {44(2 > 4-dichloropheuyl)thio]butyl}-2-ethoxymethyl-7-me^ 
c]pyridin-4-amine; 

l-{4-[(2,4-dichlorophenyl)thio]butyl}-2-methoxyethyl-7-methyl-l^ 
10 c]pyridin-4-amine; 

l-{4-[(2,4-dicMorophenyl)thio^ 
c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -7-methyl-lH-imidazo[4,5-c]pyridin-4-amine; 
1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -2,7-dimethyl- l//-imidazo[4,5-c]pyridin-4- 
15 amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -2-ethyl-7-methyl- l/f-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -7-methyl-2-propyl- l#-imidazo[4,5-c3pyridin- 
4-amine; 

20 2-butyl- 1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -7-methyl- l#-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-dichlorophenyl)sulfonyl]butyl} -2-ethoxymethyl-7-methyl-li/-iniidazo[4,5- 
c]pyridin-4-amine; 

l-{4-[(2,4-dicMorophenyl)sulfonyl]bu^ 
25 c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyi)sulfonyl]butyl} -2-cyclopropylmethyl-7-methyl-l#- 
imidazo[4,5-c]pyridin-4-amine; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -7-methyl- l//-imidazo[4 5 5-c]pyridin-4"-amine; 
1 - {4-[(2 J 4-dichlorophenyl)sulfinyl]butyl} -2,7-dimethyl-lif-imidazo[4,5-c]pyridin-4- 
30 amine; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2-ethyl-7-methyl- l#-imidazo[4 5 5-c]pyridin-4- 
amine; 
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1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -7-methyl-2-propyl- l//-imidazo[4,5-c]pyridin-4- 
amine; 

2-butyl-l - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -7-methyl- l#-imidazo[4,5-c]pyridin-4- 
amine; 

5 l-{4-[(2Adichlorophenyl^ 
c]pyridin-4-amine; 

1 - {4-[(2 ,4-dichlorophenyl)sulfinyl]butyI} -2-methoxyethyl-7-methyH//-imidazo[4,5- 
c]pyri din-4- amine ; 

1 - {4-[(2,4-dichlorophenyl)sulfinyl]butyl} -2-cyclopropylmethyl-7-methyl4^-imidazo[4,5- 
10 c]pyridin-4-amine; 

1- {4-[(2 ,4-difluorophenyl)thio]butyl} -6-methyl4i/-iinidazo[4,5-c]pyridin-4--amine; 

1 - {4-[(2,4-difluorophenyl)thio]butyl} -2,7-dimethyl- l//-iinidazo[4 5 5-c]pyridin-4-amine; 

2- ethyl- 1 - {4-[(2,4>difluorophenyl)thio]butyl} -7-methyl- 1 tf-imidazo[4>c]pyridin-4- 
amine; 

15 l-{4-[(2,4-dinuorophenyl)thio]b^ 
amine; 

2-butyl-l-{4-[(2,4-difluoropheny0^^ 
amine; 

2-ethoxymethyl-l-{4-[(2^difluo^ 
20 c]pyridin-4-amine; 

1- {4-[(2,4-difluorophenyl)thi^^ 
c]pyridin-4-amine; 

2- cyclopropylmethyl- 1 - {4-[(2,4-difluorophenyl)thio]butyl} -7-methyl- ltf-imidazo[4,5- 
c]pyridin~4- amine; 

25 l-{4-[(2,4-difluorophenyl)sulfon 

1- {4-[(2,4-difluorophenyl)sulfo^^ 
amine; 

2- ethyl- 1 - {4-[(2,4-difluorophenyl)sulfonyl]butyl } -7-methyl- 1 #-imidazo[4,5-c]pyridin-4- 
amine; 

30 l-{4-[(2 5 4-difluorophenyl)sulfo^ 
amine; 
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2-butyl-l-{4-[(2,4^fluoiophenyl)sul^ 
amine; 

2-ethoxymethyl-l - {4-[(2,4-difluorophenyl)sulfonyl]butyl} -7-methyl- lff-imidazo[4,5- 
c]pyridin-4-amine; 

5 i.{4-[(2,4^fluorophenyl)sulfonyl]butyl}-2-memoxyethyl-7-methyl4//-imidazo[4 
c]pyridin-4-amine; 

2-cyclopropylmethyl4-{4-[(2Adifluorophenyl)sulfonyl]butyl}-7-methyl-lff- 

imidazo[4,5-c]pyridin-4-amine; 

1- {4-[(2,4-difluorophenyl)sulfmyl]butyl^^ 

10 1 - {4-[(2,4-difluorophenyl)sulfinyl]buyl} ^^-dimethyl^H-imidazo^.S-clpyridin^-amine; 

2- ethyl-l - {4-[(2,4-difluorophenyl)sulfinyl]butyl} -7-methyl-l #-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {4-[(2,4-difluorophenyl)sulfinyl]butyl} -7-methyl-2-propyl- 1 i/-imidazo[4,5-c]pyridin-4- 
amine; 

1 5 2-butyl- 1 - {4-[(2,4-difluorophenyl)sulfinyl]butyl} -7-methyl- l//-imidazo[4,5-c]pyridin-4- 
amine; 

2-ethoxymethyl-l-{4-[(2 5 4-difluorophenyl)sulfmyl]butyl}-7-me^ 
c]pyridin-4- amine; 

1- {4-[(2 > 4-difluorophenyl)sulfinyl]butyl}-2-methoxyethyl-7-methyl4//-imidazo[4,5- 

20 c]pyridin-4-amine; 

2- cyclopropylmethyl4-{4-[(2,4-difluorophenyl)sulfinyl]butyl}-7-methyl-li/-imidazo^ 

c]pyridin-4-amine; 

6,7-dimethyl-l-[5<memyltmo)pentyl]4H-imidazo[4,5-c]pyridm-4-amine; 
2A7-trimemyH^5<methyltmo)pentyl]-l#-M 
25 2-etoyW-4imethyl-l-[5-(methyltMo^ 
6,7-dimethyM-[5-(metoylMo)penty^^ 

2-butyl-67-dimethyl4-[5<methyltmo)pentyl]-l^iniidazo[4,5-c]pyridm-4.am^ 

2-emoxymemyl-6J-dimemyl-l-[5-(memyltmo^ 

amine; 

30 2-methoxyethyl-6,7-dimethyl-l-[5Kmetoy^ 
amine; 
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2-cyclopropylmethyl-6 J-dimethyl- 1 -[5-(me%lthio)pentyl]4i/-iniidazo[4,5-c]pyridin-4- 
amine; 

6,7-dimethyl- 1 -[5-(me%lsulfonyl)pentyl]- 1 tf-m^ 
2,6,7-trimethyl- 1 -[5-(methylsulfonyl)pentyl]-ltf-i^ 
5 2-ethyl-6,7-dimethyM-[5-(methylsu^ 

6,7-dimethyl- 1 -[5-(methylsulfonyl)pentyl]-2-propyl- l^-imidazo[4,5^]pyridin-4--amine; 

2-butyl-6,7-dime%l-l-[5-(methylsutf^^ 

2-ethoxymethyl-6,7-dimethyl-l-[5-(me^ 

amine; 

1 0 2-methoxyethyl-6,7-dimethyl- 1 - [S-CmethylsulfonylJpentyll^^-imidazo^^-^pyridin^- 
amine; 

2-cyciopropylmethyl-6,7-dimethyl-l-[5-^ 
c]pyridin-4-amine; 

6,7-dimethyl- 1 -[5-(methylsulfinyl)pentyl]- l//-imidazo[4,5-c]pyridin-4-amine; 
15 2,6,7-trimethyl- l-[5-(methylsulfi^^ 

2-ethyl-6 ,7-dimethyl- 1 -[5-(methylsulfinyl)pentyl]- l^-imidazo[4,5-c]pyridin-4-amine; 
6,7-dimethyl- l-[5<me%lsulfiny^ 

2-butyl-6,7-dimethyl- 1 -[5-(methylsulfinyl)pentyl]- 1^-imidazo [4,5-c]pyridin-4-amine; 
2-ethoxymethyl-6,7-dimethyl-l-[5-(m^ 
20 amine; 

2-methoxyethyl-6 ,7-dimethyl- 1 -[5-(methylsulfinyl)pentyl]- l#-imidazo[4,5-c]pyridin-4- 
amine; 

2-cyclopropylmethyl-6,7-dime%l-l-[5-(me%^^ 
c]pyridin-4-amine; 

25 6,7-dimethyl- 1 -[5-(phenylthio)pentyl]- 1 if-imidazo[4,5-c]pyridin-4-amine; 
2,6,7-trimethyl- 1 - [5-(phenylthio)pentyl]- l/Mmidazo[4,5-c]pyridin-4-amine; 
2-ethyl-6,7-dimethyl-l-[5-(phenyltWo^ 

6,7-dimethyl-l-[5-(phenyltMo)pentyl]-2-propyl-l/^imidazo[4,5-c]pyridin-4- amine: 
2-butyl-6,7-dimethyl-l-[5-(phenylth^ 

30 2-ethoxymethyI-6,7-dmethyl-H 
amine; 
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2-methoxyethyl-6J-dimethyl-H 
amine; 

2-cyclopropylmethyl-6,7-dimethyi-l-[5-(phen^ 
amine; 

5 6,7-dimethyl-l-[5-(phenylsulfonyl^ 
2,6,7-tximethyl-l-[5-(phenylsu^^ 
2-ethyl-6,7-dimethyl-l-[5-(phenylsulfon^ 

6,7-dimethyl- 1 -[5-(phenylsulfonyl)pentyl]-2-propyl- l#-imidazo[4,5-c]pyridin-4-amine; 
2-butyl-6,7-dimethyl- 1 -[5-(pheny 
10 2-ethoxymethyl-6,7-dimethyl-l-[5-(pta^ 

4 

amine; 

2-methoxyethyl-6 s 7-dimethyl- 1 -[5-(phenylsulfonyl)pentyl]- l#-imidazo[4,5-c]pyridin-4- 
amine; 

2-cyclopropylmethyl-6 ,7-dimethyl- 1 -[5-(phenylsulfonyl)pentyl] - l#-imidazo[4,5- 
15 c]pyridin-4-amine; 

6,7-dimethyM-[5-(phenylsulfinyl)pentyl^^ 

2 ,6 ,7-trimethyl- 1 - [ 5 -(phenylsulfinyl)pentyl]- l#-imidazo[4,5-c]pyridin-4-amine; 
2-ethyl-6,7-dimethyl-l-[5-(phenylsulfimy^ 
6,7-dimethyl-l-[5-(phenylsulfinyl)penty^ 
20 2-butyl-6,7-dimethyl- 1 -[5-(phenylsulfinyl)pentyl]- l//^imidazo[4,5-c]pyridin-4-amine; 
2-ethoxymethyl-6,7-dimethyl-l -[5-^ 
amine; 

2-methoxyethyl-6,7-dimethyl- 1 -[5-(phenylsulfinyl)pentyl]- 17/-imidazo[4,5-c]pyridin-4- 

> 

amine; 

25 2-cyclopropylmethyl-6,7-dimethyM 
c]pyridin-4- amine; 

6,7-dimethyl-l-[5-(pyrimidin-2-ylthio)pentyl]-17/-inn 

2,6 ,7-trimethyl- 1 - [5-(pyrimidin-2-yllMo)pentyl]- l^-imidazo^^-cjpyridin^-amine; 
2-ethyl-6,7-dimethyl- 1 -[5 -^yrimidin-2-ylthio)pentyl]r li/-imidazo[4,5-c]pyridin-4-amine; 
30 6,7-dimethyl- 1 -[5-(pyrimidin-2-ylthio)pentyl]-2-propyl- l/f-imidazo[4,5-c]pyridin-4- 
amine; 

2-butyl-6,7-dimethyl-l-[5-(pyrimidin-2-^^^ 
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2-ethoxymethyl-6,7-dimet^ 
4-amine; 

2-mefooxyethyl-6,7-dimemyM-[5-(pyrin^ 
4-amine; 

2-cyclopropylmethyl-6,7-dimethyl-l-[5-(pyrimidm-2-yltmo)pen 
c]pyridin-4-amine; 

6J-dime%l-l-[5-(pyrinudm-2-ylsulfonyl)pentyl]-l^ 

2,6,7-trimemyM-[5-(pyrmiidm-2-yl^ 

2-emyl-6J-dimemyM-[5-(pyrimidm-2-yls^ 

amine; 

6J-dimemyM-[5-(pyrimidin-2-ylsulfony 
amine; 

2-butyl-6 J-dimethyH -[5-(pyrM 
amine; 

2-emoxymethyl-6J-dimemyl-l-[5-(pyrimid^^ 
c]pyridin-4-amine; 

2-methoxyethyl-6J-dimemyl-l-[5-(pyrM 
c]pyridin-4-amine; 

2-cyclopropylmethyl-6J-dimemyl-l-[5-(pyrimidin-2-ylsulfonyl)pentyl]-l//-imidazo[^ 
c]pyridin-4-amine; 

6J-dimemyl-l-[5-(pyrimidm-2-ylsulfmyl)pen^ 

2,6J-trimethyl-l-[5-(pyrimidin-2-ylsulfiny^ 

2-ethyl-6J-dimethyH-[5-(pyriimdm-2-yk^^ 

amine; 

6/7-dimetoyM-[5-(pyrimidin-2-ylsul&^^ 
amine; 

2-butyl-6J-dimethyl-l-[5-(pyrmiimn-2-ylsulmiyl)pentyl]-lif-M 
amine; 

2-ethoxymethyl-6,7-dimettyM-[5-(pyrim^ 
c]pyridin-4-amine; 

2-memoxyethyl-6J-dimemyl-l-[5-(pyriimdm-2-ylsulfmyl)pentyl]-l/f-M 
c]pyridin-4-amine; 
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2-cyclopropylme%l-6,7-dra^ 

c]pyridin-4-amine; 

1 -[5-(bu1yltWo)pent^ 

145-(butyltMo)pentyl]-2A7-t™ 

5 l-[5-(butylttao)penty^^ 

H5-(butyltWo)pentyl]-6J-dime%^ 

24)utyM45-(butylttao)pentyl]-6,7-d^ 

H5-(butylthio)pentyl]-2-ethoxym 

l-[5-(butylthio)pentyl]-2-meto^^ 
10 l-[5-(butylihio)pentyl]-2-cyd^ 

amine; 

1 -[5-(butylsulfonyl)pentyl]-6,7-dimethyl- l^-imidazo[4 3 5-c]pyridin-4-ainine; 
l-[5-(butylsulfonyl)pentyl]-^^ 

1- [5-(butylsulfonyl)pentyl]-2-e^ 

15 145-(butylsulfonyl)pentyl]-6,7-dimefc^^ 

2- butyl- H5 -(butylsidfo^ 
l-[5-(butylsulfonyl)pentyl]-2-eto^^ 
amine; 

145-(butylsulfonyl)pentyl]-2-metto^ 
20 amine; 

1 -[5-(butylsulfonyl)pentyl]-2^ 
4-amine; 

l-[5-(butylsulfinyl)pentyl]-6,7-dimethyl4//-imidazo[4,5 
l-[5-(butylsulfinyl)pentyl]-2,6J-trimeto^^ 
25 l-[5-(butylsulfmyl)pentyl]-2-ethy^ 

1- [5-(butylsulfinyl)pentyl]-6,7-dime^ 

2- butyl-l-[5-(butylsulfmyl)pentyl]-6,7-dimethyl-lif-imidaz 

l-[5-(butylsulfinyl)pentyl]-2-ethox^ 
amine; 

30 l-[5-(butylsulfinyl)pentyl]-2-^ 
amine; 
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1 -[5-(butylsulfmyl)pe^ 
4-amine; 

1 - { 5-[(2,4-dichlorophenyl)thio]pentyl} -6,7-dimethyl- li/-imidazo[4,5-c]p)ridin-4-amine; 
1- {5-[(2,4-dichlorophenyl)thio]pentyl} -2,6 ,7-trimethyl- l/^imidazo[4,5-c]pyridin-4- 
5 amine; 

1- {5-[(2,4-dichlorophenyl)thio]pentyl} -2-ethyl-6,7-dimethyl- li/-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {5-[(2 ,4-dichlorophenyl)thio]pentyl} -6,7-dimethyl-2-propyl- l.fir-imidazo^jS-cjpyridin-. 
4-amine; 

1 0 2-butyl- 1 - {5-[(2,4-dichlorophenyl)thio]pentyl} -6,7-dimethyl- l^-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {5-[(2,4-dichlorophenyl)thio]pentyl} -2-ethoxymethyl-6,7-dimethyl- l//-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {5-[(2,4-dichlorophenyl)thio]pentyl} -2-methoxyethyl-6,7-dimethyl- 1 7/-imidazo[4,5- 
15 c]pyridin-4- amine; 

l-{5-[(2,4-dichlorophenyl)thio]p^^^ 
imidazo[4,5-c]pyridin-4-amine; 

1- {5-[(2,4-dichlorophenyl)sulfonyl]penty^^ 
amine; 

20 l-{5-[(2,4-dichlorophenyl)sulfony^^ 
amine; 

1 - {5-[(2 ,4-dichlorophenyl)sulfonyl]pentyl} -2-ethyl-6,7-dimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {5-[(2,4-dichlorophenyl)sulfonyl]pentyl} -6,7-dimethyl-2-propyH//-imidazo[4,5- 
25 c]pyridki-4- amine; 

2- butyl- 1 - {5-[(2,4-dichlorophenyl)sulfonyl]pentyl} -6,7-dimethyl- l#-imidazo[4,5- 
c]pyridin-4- amine; 

l-{5-[(2,4-dicWorophenyl)sulfonyl]penty^^ 
imidazo[4,5-c]pyridin-4-amine; 

30 1- {5-[(2,4-dichIorophenyl)sulfonyl]pentyl} -2-methoxyethyl-6,7-dimethyl-l#- 
imidazo[4,5 -c]pyridin-4-amine; 

118 



WO 03/103584 



PCT/US03/17659 



1 - {5-[(2,4-dichlorophenyl)sulfonyl]pentyl} -2^yclopropylmethyl-6,7-dimethyl-li/- 

imidazo[4,5-c]pyridin-4-amine; 

MH(2AdicWorophenyl)sulfinyl]pert 

amine; 

5 l-{5-[(2,4-dichlorophenyl^ 
amine; 

1 - {5-[(2,4-dichlorophenyl)sulfinyl]pentyl} -2-ethyl-6 ,7-dimethyl-li/-imidazo[4,5- 
c]pyridin-4-amine; 

1- {5-[(2,4-dicMorophenyl)sulfiny^ 
1 0 c]pyridin-4-amine; 

2- butyl-l - {5-[(2 ,4-dichlorophenyl)sulfinyl]pentyl} -6 J-dimethyl-l//-imidazo[4,5- 
c]pyridin-4-amine; 

1 - {5-[(2,4-dichlorophenyl)sulfinyl]pentyl} -2-ethoxymethyl-6 9 7-dimethyl-l//-imidazo[4,5- 
c]pyridin-4- amine; 

15 1 - {5-[(2,4-dichlorophenyl)suljRnyl]pentyl} -2-methoxyethyl-6,7-dimethyl- l/f-imidazo[4,5- 
c]pyridin-4-amine; 
l-{5-[(2,4-dichlorophenyl)sulfm^^ 
imidazo[4,5-c]pyridin-4-amine; 

1- {5-[(2,4-difluorophenyl)th^ 
20 l-{5-[(2,4-difluorophenyl)to 

amine; 

2- ethyM-{5-[(2,4-difluorophenyl^ 
amine; 

1- {5-[(2,4-difluorophenyl)thio]pentyl} -6 J-dimethyl-2-propyl-l^imidazo[4 3 5-c]pyridin- 
25 4-amine; 

2- butyl-l-{5~[(2,4-difluorophenyl^ 
amine; 

2-ethoxymethyl- 1 - {5-[(2,4-difluorophenyl)thio]pentyl} -6,7-dimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine; 

30 1 - {5-[(2,4-difluorophenyl)thio]pentyl} -2-methoxyethyl-6,7-dimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine; 
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2-cyclopropylmethyl- 1 - {5 ~[(2,4-difluorophenyl)thio]pentyl} -6,7-dimethyl- 1 H~ 
imidazo[4,5-c]pyridin-4~amine; 

1 - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -6,7-dimetiiyl-l^imidazo[4,5-c]pyridin-4- 
amine; 

5 1 - {5-[(2 5 4-difluorophenyl)sulfonyl]pentyl} -2,6,7-trimethyl- l#-imidazo[4,5-c]pyridin-4- 
aroine; 

2-ethyl- 1 - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -6 ,7-dimethyHi/-imidazo[4,5- 
C ]pyridin-4-amine; 

1 - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -6,7-dime1iiyl-2-propyl«l/f-imidazo[4 5 5- 
10 c]pyridin-4-amine; 

2-butyl- 1 - {5 -[(2,4-difluorophenyl)sulfonyl]pentyl} -6 J-dimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine; 

2-ethoxymethyl-l - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -6,7-dimethyl-l#- 
imidazo[4,5-c]pyridin-4-amine; 

15 l-{5-[(2,4-difluorophenyl)sulfonyl]pentyl}-2-methoxyethyl-6J^im 
imidazo[4,5-c]pyridin-4-amine; 

2-cyclopropylmethyl- 1 - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -6 J-dimethyl-l/f- 
imidazo[4,5-c]pyridin-4-amine; 
l-{5-[(2,4-difluorophenyl)sulfinyl]pentyl^ 
20 amine; 

1- {5-[(2,4-difluorophenyl)sulfinyl]pentyl}-2 > 6J-trimethyl-lH-imi 
amine; 

2- ethyl- 1 - {5-[(2 ) 4-difluorophenyl)sulfinyl]pentyl} -6,7-dimethyl- 1 #-imidazo [4,5 - 
c]pyridin-4-amine; 

25 l-{54(2,4-difluorophenyl)sutf^ 
c]pyridin-4-amine; 

2-butyl-l-{5-[(2,4-difluorophenyl)s^^^ 
c]pyridin-4- amine; 

2-ethoxymethyl- 1 - {5-[(2,4-difluorophenyl)sulfinyl]pentyl} -6,7-dimethyl-l//-imidazo[4,5- 
30 c]pyridin-4-amine; 

1 - {4-[(2,4-difluorophenyl)sulfinyl]pentyl} -2-methoxye%l-6,7-dimethyl-l//-imidazo[4,5- 
c]pyridin-4- amine; 
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2-cyclopropylmethyM-{5-[(2A^ 
imidazo[4 5 5~c]pyridin-4- amine; 

7-methyl-l -[4-(methylthio)pentyl]- li/-imidazo[4 5 5-c]pyridin^amine; 
2,7-dimethyl- 1 ~[5-(methyltluo)pentyl]- 1/7-imidazo [4,5-c]pyridin-4-amine; 
5 2-ethyl-7-methyl-l-[5-(met^ -amine; 

6,7-dimethyl- 1 -[5-(methylthio)pentyl]-2-propyl- l#-mn^azo[4,5-c]pyridm-4-amine; 
2-butyl-7-methyl- 1 -[5 -(methyl 

2-ethoxymethyl-7-methyl-l-[5-(methylthio)pentyl]-l/^imidazo[4,5-c]^ 
2-methoxyethyl-7-me%14-[5-(memylthio)pentyl]-lH-imidazo[4,5-c]p 
10 2-cyclopropyhnemyl-7-methyl-l-[5-(memylfo^ 
amine; 

7-methyl-l-[5-(methylsulfonyl)pentyl]-l/^imidazo[4,5-c]pyridm^aniine; 
2,7-dimethyl- 1 ~[5-(methylsulfonyl)pentyl]- l#-imidazo[4,5-c]pyridm-4-amine; 

2-ethyl-7-memyl-l-[5-(methylsulfonyl)pentyl]-l//-imidazo[4,5-c]pyridin-4-amine; 
15 7-memyl-l-[5-(methylsulfonyl)pentyl]^ 

2-butyl-7-methyl- 1 -[5-(methylsulfonyl)pentyl]- l#-imidazo[4,5-c]pyridin-4-amine; 

2-ethoxymemyl-7-methyl-l-[5-(methylsulfon^ 

amine; 

2-metooxyethyl-7-memyl-l-[5-(methylsu^ 
20 amine; 

2-cyclopropylmemyl-7-methyl-l-[5-(methylsulfonyl)pentyl]-lH-inudazo[4,5-c]pyridin-4- 
amine; 

» 

7-me%l-l-[5-(memylsulnnyl)pentyl]-lif-imidazo[4,5-c]pyri(im-4-amine; 
2,7-dimethyl- 1 -[5-(methylsulfinyl)pentyl]- l/^imidazo[4,5-c]pyridin-4-amine; 
25 2-e%l-7-memyl-l-[5-(methylsulfmyl)pentyl]-l//-imidazo[4,5-c]pyridin-4-amine; 
7-methyl- 1 -[5-(methylsulfmyl)pentyl]-2-propyl- l#-imidazo[4,5-c]pyridm-4-amine; 
2-butyl-7-memyl-l-[5-(memylsulfinyl)pentyl]-l//-imidazo[4,5-c]pyridm-4-amme^ 

2-ethoxymemyl-7-methyl-l-[5-(methylsulfinyl)pentyl]-lif-imidazo[4,5-c]pyridm-4^ 
amine; 

30 2-methoxyethyl-7-methyl- 1 -[5-(methylsulfinyl)pentyl]-l/f-imidazo[4,5-c]pyridin-4- 
amine; 
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2-cyclopropylmethyl-7-methyl-l-[5-(methylsulfinyl)pentyy 
amine; 

7-methyl- 1 -[5 -(phenylthio)pentyl] - 1 #-imidazo[4 ^-cfryridin^-amine; 

2J-dimethyM-[4~(phenylthio)pentylH 
5 2-e%l-7-methyl-l-[5-(phenylthio^ 

7-me%M-[5-(phenylthio)penty^^ 
2-butyl-7-methyl4-[5-(phenylthio)pentyl]-li7-imidazo[4,^ 

2-ethoxymethyi-7-methyl- 1 -[5-(phenylthio)pentyl]- l/f-imidazo[4,5-c]pyridin-4-amine; 
2-methoxyethyl-7-me%l-l-[5-(p^ 

10 2-cyclopropylmethyl-7-metiiyl-l-[5-(phenylthio)pentyl]-l/^ 
amine; 

7-methyl- 1 -[5-(phenylsulfonyl)pentyl]- l//-imidazo [4,5-c]pyridin-4-amine; 
2J-dimethyl-l-[5-(phenylsulfo^ 
2-ethyl-7-methyl- 1 -[5-(phenylsulfonyl)pentyl]4i/-^ 
15 7-me%l-l-[5-(phenylsulfonyl)pentyl^^ 

2-butyl-7-methyl- 1 -[5-(phenylsulfonyl)pentyl]-l#-i^^ 

2-ethoxymethyl-7-methyl-l-[5-(pta^ 

amine; 

2-methoxyethyl-7-methyl- 1 -[5-(phenylsulfonyl)pentyl]-l^-imidazo[4,5-c]pyridin-4- 
20 amine; 

2-cyclopropylmethyl-7-methy^^ 
amine; 

7-methyM-[5-(phenylsulfinyl^ 
2J-dimethyl-l-[5-(phenylsulfayl)pentyl]-lffi 
25 2-ethyl-7-methyM-[5-(phenylsulf^ 
7-methyM-[5-(phenylsulfinyl)pentyl^ 
2-butyl-7-methyl-H5-(phenylsulfmyty^^ 

2-ethoxymethyl-7-methy 1- 1 -[5-(phenylsulfinyl)pentyl]- l/^imidazo[4,5-c]pyridin-4- 
amine; 

30 2-methoxyethyI-7-methyI-l-[5-(phen^ 
amine; 
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2-cyclopropylmethyl-7-methyl- 1 -[ 5 -(phenylsulfinyl)pentyl] - l#-iiiudazo[4,5-c]pyridin-4- 
amine; 

7-methyl-l-[5-(pyrimidin-2-yltMo^ 
2,7-dimethyM-[5-(pyrimidin-2-yl^ 
5 2-ethyl-7-methyH-[5-(pyrimi^ 
7-methyl-l-[5-(pyrimidin-2-ylt^ 
2-butyl-7-methyM-[5-(p}Timi&^^ 
2-ethoxymethyl-7-methyl-l-[5-(pyr^ 
amine; 

1 0 2-methoxyethyl-7-methyl- 1 -[5-(pyrimidin-2-ylthio)pentyl]- 1 #-imidazo[4,5-c]pyridin-4- 
amine; 

2^yclopropylmethyl-7-methyl445-(pyrimidin-2-ylthio 
c]pyridin-4-amine; 

7-methyl- 1 -[5-(pyrimidin-2-ylsulfonyl)pentylH 
15 2,7-dimethyl-l-[5-(pyrimidin-2-yls^ 

2-ethyl-7-methyl- 1 -[5-(pyrimidin-2-ylsulfonyl)pentyl]- l//-imidazo[4,5-c]pyridin-4-amine; 
7-methyl- 1 -[5 -(pyrimidin-2-ylsulfonyl)pentyl] -2-propyl-lH-imidazo[4,5-c]pyridin-4- 
amine; 

2-butyl-7-methyl-l-[5-(pyrimidin-2-yk^^ 
20 2-ethoxymethyl-7-methyl-l-[5-(pyri^^ 
4-amine; 

2-methoxyethyl-7-methyl- 1 -[5-(pyrimidin-2-ylsulfonyl)pentyl]- l/tamidazo[4,5-c]pyridin- 
4-amine; 

2-cyclopropylmethyl-7-methyl- 1 -[5-(pyrimidin-2-ylsulfonyl)pentyl]- l#-imidazo[4,5- 
25 e]pyridin-4-amine; 

7-methyM-[5-(pyrimidin-2-ylsulfm^ 
2,7-dimethyl-l-[5-(pyrimidin-2-ylsulfinyl)pentyl]-l/f-iim 

2-ethyl-7-methyl-l -[5-(pyrimidin-2-yIsulfinyl)peutyl]- l/7-imidazo[4,5-c]pyridin-4-amine; 
7-methyl-l-[5-(pyrimidin-2-yls^^ 
30 amine; 

2-butyl-7-methyl- 1 -[5-(pyrimidin-2-ylsulfinyl)pentyl]- 1 H-imidazo[4,5-c]pyridin-4-amine; 
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2-etaymethyl-7-methyl-l-[5^ 
4-amine; 

2-methoxye%l-7-methyl-l-[5-(pyrimidin-2-ylsulfciyl)pentyl] 
4-amine; 

2-cyclopropylmethyl-7-methyl-l-[5-(pyrimidm-2-ylsulfmyl)p^ 
c]pyridin-4-amine; 

l-[5-(butylMo)pentyl]-7-memyl-l^-imidazo[4,5-c]pyridm-4-amine; 

l-[5-(butyltfoo)pentyl]-2J-d^ 
l-[5-(butylthio)pentyl]-2-emyl-7-memyl-l#-^ 

1- [5-(butylthio)pentyl]-7-memyl-2-propyM 

2- butyl-l-[5-(butyltMo)pentyl]-7-methyl-l#^^ 
l-[5-(butyltmo)pentyl]-2-emoxymethyl-7^^ 
1 -[5-(butylthio)pentyl]-2-me^ 

l-[5-(butylthio)pentyl]-2-cyclopropylmemyl-7-memyl-lff4midazo[4,5-c]py^ 

l-[5-(butylsulfonyl)pentyl]-7-memyl-l//-iinidazo[4;5-c]pyridin-4 

l-[5-(butylsulfonyl)pentyl]-2,7-dime^ 

l-[5-(butylsulfonyl)pentyl]-2-ethyl-7-memyl4/f-imidazo[4,5-c]pyridin 

1- [5-(butylsulfonyl)pentyl]-7-m^^ 

2- butyl-l -[5 -(butylsulfonyl)pentyl] -7-methyl- l//-iimdazo[4,5-c]pyridin-4-amine; 
l-[5-(butylsulfonyl)pentyl]-2-ethoxymemyl-7-methyl-li/-imidazo[4,5-^ 

l-[5-(butylsulfonyl)pentyl]-2-methoxyeftyl-7-m^^ 
l-[5-(butylsulfonyl)pentyl]-2-cyclopropy^ 

amine; 

l-[5-(butylsulfinyl)bpenyl]-7-me%14i/-imidazo[4,5-c]pyridin-4-amine; 

l-[5-(butylsulfmyl)pentyl]-2J-dimetoyl-l#^ 
l-[5-(butylsulfmyl)pentyl]-2-ethyl-7-me^ 

1- [5-(butylsulfmyl)pentyl]-7-memyl-2-propyl-li^ 

2- butyl4-[5-(butylsumnyl)pentyl]-7-methyl4H-imidazo[4,5-c]pyridin-4-amine; 

l-[5-(butylsmfinyl)pentyl]-2-etooxymefoyL 
l-[5-(butylsulfoyl)pentyl]-2-methoxyemyl-6,7-^^ 

amine; 
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l-[5-(butylsulfinyl)pentyl]-2-cyclopropyto^ 
4-amine; 

1- {5-[(2,4-dichlorophenyl)thio]pentyl}-7-methyl-lif-iim 

1 - {5-[(2,4~dichlorophenyl)thio]pentyl} -2,7-dimethyl- l//-imidazo[4 3 5-c]pyridin-4-amine; 
5 1 - {5-[(2,4-dichlorophenyl)thio]pentyl} -2-ethyl-7-methyl-lH-inudazo[4,5-c]pyridin-4- 
amine; 

1 - {5-[(2,4-dichlorophenyl)thio]pentyl} -7-methyl-2-propyl-li7-iniidazo[4,5-c]pyridin-4- 
amine; 

* 

2- butyl-l-{5-[(2,4-dichlorophenyl)thio]penlyl}-7-methyl-l^-im 
10 amine; 

1 - {5-[(2,4-dichlorophenyl)thio]pentyl} -2-ethoxymethyl-7-methyl-lif-iiiiidazo[4 > 5- 
c]pyridin-4-amine; 

1 - {5-[(2,4-dichlorophenyl)thio]pentyl} -2-methoxyethyl-7-methyl- lif-imidazo[4 9 5- 
c]pyridin-4-amine; 
15 l-{5-[(2,4-dichlorophenyl)tMo]pentyl}-2-^^ 
c]pyridin-4-amine; 

1- {5-[(2,4-dichlorophenyl)sulfonyl]pentyl} -7-methyl-li7-imida2o[4,5-c]pyridin-4-ainine; 

l-{5-[(2,4-dicMorophenyl)sulfonyl]pen^ 

amine; 

20 l-{5-[(2,4-dicMorophenyl)sulfony 
amine; 

1- {5-[(2/l--dicMorophenyl)sulfonyl]pen^ 
4-amine; 

2- butyl-l - {5-[(2,4-dichIorophenyl)sulfonyl]pentyl}-7-methyl- l#-imidazo[4,5-c]pyridin-4- 
25 amine; 

1- {5-[(2,4-dichlorophenyl)sulfonyl]pentyI} -2-ethoxymethyl-7-methyl-l//-imidazo[4,5- 

c]pyridin-4-amine; 

1- {5-[(2,4-<UcMorophenyl)sulfo 

c]pyridin-4-amine; 

30 1 - {5-[(2,4-dichlorophenyl)sulfonyl]pentyl} -2-cyclopropylmethyl-7-methyl- IH- 
imidazo[4,5-c]pyridin-4- amine; 

1 - {5-[(2 ,4-dichlorophenyl)sulfinyi]pentyl} -7-methyl- li/-imidazo [4,5-c]pyridin-4-amine; 
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1 - {5-[(2,4-dichlorophenyl)sulfinyl]pentyl} -2,7-dimethyl- li/"imidazo[4 5 5-c]pyridin-.4- 
amine; 

1 - {5-[(2 5 4-dichlorophenyl)sulfinyl]pentyl} -2-ethyl-7-methyl- l/f-imidazo[4 ? 5-c]pyridin-4- 
amine; 

5 l-{5-[(2^dichloroph^ 
4-amine; 

2-butyl-l-{5-[(2/-dichlorophenyl)s^ 
amine; 

l-{5-[(2,4-dicMoropheny^ 
10 c]pyridin-4- amine; 

1 - {5-[(2,4-dichlorophenyl)suliBnyl]pentyl} -2-methoxyethyl-7-methyl- li/-imidazo[4,5- 
c]pyridin-4-amine; 

1- {5-[(2,4-dicMorophenyl)sulfinyl^ 
imidazo[4,5-c]pyridin-4-amine; 

15 1 - {5-[(2,4-difluorophenyl)thio]pentyl} -6-methyl- lif-imidazo[4 9 5-c]pyridin-4^amine; 
1 - {5-[(2^difluorophenyl^ 

2- ethyl- 1 - {5-[(2,4-difluorophenyl)thio]pentyl} -7-methyl- ltf-imidazo[4>c]pyridin-4- 
amine; 

1 - {5-[(2,4-difluorophenyl)thio]pentyl} -7-methyl-2-propyl- lH-imidazo[4,5-c]pyridin-4- 
20 amine; 

2-butyl- 1 - {5-[(2,4-difluorophenyl)thio]pentyl} -7-methyl- 1 #-imidazo[4,5-c]pyridin-4- 
amine; 

2-ethoxymethyl-l - {5-[(2,4-difluorophenyl)thio]pentyl} -7-methyl-ltf-imidazo[4,5- 
c]pyridin-4-amine; 

25 1 - {5-[(2,4-difluorophenyl)thio]pentyl} -2-methoxyethyl-7 -methyl- l#-imidazo[4,5- 
c]pyridin«4-amine; 

2-cyclopropylmethyl-l-{5-[(2Adifl^^ 
c]pyridin-4-amine; 

l-{5-[(2^difluorophenyl)sulfo^^ 

30 l-{5-[(2,4-difluorophenyl)sulfonyl]pentyl}-2J-dime%l-17/-imidazo[4,5-c]p 
amine; 
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2-ethyl- 1 - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -7-methyl- 1 #-imidazo[4,5-c]pyridin-4- 
amine; 

1 - {5-[(2,4-difluorophenyl)sulfon^ 
4-amine; 
5 2-butyl-l-{5-[(2,4-difluo^ 
amine; 

2-ethoxymethyl-l-{5-[(2Adifluorophenyl)sulfonyl]pentyl}-7-me 
c]pyridin-4-amine; 

1 - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -2-methoxyethyl-7-methyl4i7-imidazo[4,5- 
10 c]pyridin-4-amine; 

2-cyclopropylmethyl- 1 - {5-[(2,4-difluorophenyl)sulfonyl]pentyl} -7-methyl- ltf- 
imidazo[4,5-c]pyridin-4-amine; 

1- {5-[(2,4-(hfluorophenyl)sulfiny^ 

1 - {5-[(2,4-difluorophenyl)sulfinyl]pentyl} -2,7-dimethyl- l#-imidazo[4,5-c]pyridin-4- 
15 amine; 

2- ethyl- 1 - {5-[(2 > 4-difluorophenyl)sulfmyl]pentyl } -7-methyl- l/f-imidazo[4 5 5-c]pyridin-4- 
amine; 

1 - {5-[(2,4-difluorophenyl)sulfinyl]pentyl} -7-methyl-2-propyl- 17/-imidazo[4,5-c]pyridin- 
4-amine; 

20 2-butyl- 1 - {5- [(2,4-difluorophenyl)sulfmyt]pentyl} -7-methyl- l//-imidazo[4,5-c]pyridin-4- 
amine; 

2-ethoxymethyl-l-{5-[(2,4-difluorophen^ 
c]pyridin-4-amine; 

1 - {5-[(2,4-difluorophenyl)sulfinyl]pentyI } -2-methoxyethyl-7-methyl- l#-imidazo[4,5- 
25 c]pyridin-4-amine; 

2-cyclopropylmethyl- 1 - {5 -[(2,4-difluorophenyl)sulfinyl]pentyl} -7-methyl- 1H- 
imidazo[4,5-c]pyridin-4-amine; 

6-methyl-2-propyl- 1 -[2-(3-pyrimidin-2-ylpropoxy)ethyl]- 1/^-imidazo [4,5-c]pyridin-4- 
amine; 

30 N- {2-[2-(4-amino-7-nitro-2-propyl- li/-imidazo[4,5-c]pyridin- 1 - 
yl)ethoxy]ethyl}methanesulfonamide; 
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AT- {2-[2-(4-anuno-7-mto 
chlorobenzamide; 

N42-[2<4-amino-7-mto-2-prop 
cyclohexylurea; 

5 A^{2-[2<4-amino-74iex-l-ynyl-2^^ 
chlorobenzamide; 

N-{2-[2-(4-amino-7-hex-l-ynyl-2-propyM^ 
AP-cyclohexylurea; 

N-{2-[2-(4-amino-7-hexyl-2-propyl-l//-M 
1 0 chlorobenzamide; 

AT- {2-[2-(4-amino-7-hexyl-2-propyl4^-imidazo[4,5-c]pyridin--l -yl)ethoxy] ethyl} -JV- 
cyclohexylurea; 

AT-{2-[2-<4,7-diamino-2-propyl-l^ 
yl)ethoxy]ethyl} methanesulfonamide; 

1 5 N- {2-[2-(4 ,7-diamino-2-propyl- l#-irnidazo[4,5 -c]pyridin- 1 -yl)ethoxy]ethyl} -4- 
chlorobenzamide; 

N- {2-[2-(4,7-diamino-2-propyl- 1 #-imidazo[4, 5 -c]pyridin- 1 -yl)ethoxy] ethyl } -AT- 
cyclohexylurea; 

7^-{2-[2-(4-amino-7-methylamino-2-propyl4H-inu 
2 0 y 1) ethox y ] ethyl } methane sul fonamide ; 

AT-{2-[2-(4-amino-7-methylamino-2-pro^ 
4-chlorobenzamide; 

Ar-{242<4-amino-7-methylamino-2^ 
JV-cyclohexylurea; 

25 N- {2-[2-(4-ammo-7-e%lamino-2-propyl-li/4midazo[4,5-c]pyridin-l - 
yl)ethoxy]ethyl}methanesulfonamide; 
N-{2-[2-(4-ammo-7-ethylammo-2-prop 

chlorobenzamide; 

N- {242-(4-amino-7-e%lamino-2-propyl4i/-imidazo[4 3 5-c]pyridin- 1 -yl)ethoxy]ethyl} - 
30 AP-cyclohexylurea; 

AH2-[2-(4-amino-7-dimethylamin^ 

yl)ethoxy]ethyl} methanesulfonamide; 
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AT-{2-[2-(4-amino-7-dimethylamino-2-pro^ 
yl)ethoxy]ethyl} -4-chlorobenzamide; 

N- {2-[2-(4-amino-7-dimethylamino-2-propyl- l/7-imidazo[4,5-c]pyridin-l- 
yl)ethoxy]ethyl}-7\P-cyclohexylurea; 
5 TV- {2-[2-(4-amino--7-diethylamino-2-propyl-- l#-imidazo[4,5 -c]pyridin- 1 - 
yl)ethoxy]ethyI} methanesulfonamide; 

N- {2- [2-(4-amino-7-diethylamino-2-propyl- ltf-imidazo[4,5-c]pyridin- 1 -yl)ethoxy] ethyl} - 
4-chlorobenzamide; 

N- {2-[2-(4-amino-7-diethylamino-2-propyl- l#-imidazo[4,5-c]pyridin- 1 -yl)ethoxy]ethyl} - 
1 0 N-cyclohexylurea; 

6J-dimethyl-2-ethoxymethyl4-(2-{2-[(pyridin-2-yl)sulfonyl]ethoxy} 
imidazo [4 , 5 -c]pyri din-4- amine ; 

4-{[3-(4-amino-6J-dimethyl-2-propy 
butylbenzamide; 

15 4- { [3 -(4-amino-6 ,7-dimethyl-2-propyl- l/Mmidazo[4,5-c]pyridin- 1 -yl)propyl]sulfonyl} -N- 
butyl-N-methylbenzamide; 

AH2-[2-(4-amino-2-ethyl-6/7-dimethyH 
benzoylurea; 

H2-(2-aminoethoxy)ethyl] -6-cMoro^^ 
20 amine; 

N- {2-[2-(4-amino-6-chloro-7-me%l-2-propyl-li/-imidazo[4,5-c]pyridin-l- 
yl) ethoxy] ethyl } benzamide; 

A/- {2-[2-(4-amino-2-ethyl-^ 
benzenesulfonylurea; 
25 1 - {2-[2-(4-amino-2-ethyl-6 ,7-dimethyl- ltf-imidazo[4,5-c]pyridin- 1 - 
yl)ethoxy]ethyl} pyrrolidin-2-one; 

2-ethoxymethyl-6 ,7-dimethyl- 1 -[2-(3 -phenylprop-2-ynyloxy)ethyl]- 1 tf-imidazo[4,5- 
c]pyridin-4-amine; 

2-ethoxymethyl-6,7-dimethyl- 1 -[2-(3-phenylpropoxy)ethyl] - l^-imidazo[4,5-c]pyridin-4- 
30 amine; 

2-ethoxymethyl-6,7-dimethyl- 1 - {2^[(4-phenylbut-3-ynyl)sulfonyl]ethyi} - l#-imidazo[4,5- 
c] pyridin-4- amine ; 
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2-ethoxymethyl-6,7-dimethyl-l - {2-[(4-phenylbutyl)sulfonyl]ethyl} -1 #-imidazo[4,5- 
c]pyridin-4- amine ; 

2-ethoxymethyl-6 J-dimethyl- H 

r 

c]pyridin-4-amine; and 
5 2-ethoxymethyl-6,7-dimethyl-l-[2-(4-pheny 
amine; 

or pharmaceutical^ acceptable salts thereof. 

Pharmaceutical Compositions and Biological Activity 
10 Pharmaceutical compositions of the invention contain a therapeutically effective 

amount of a compound of the invention as described above in combination with a 

pharmaceutically acceptable carrier. 

The term "a therapeutically effective amount" means an amount of the compound 

sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
1 5 and/or antiviral activity. Although the exact amount of active compound used in a 

pharmaceutical composition of the invention will vary according to factors known to those 

of skill in the art, such as the physical and chemical nature of the compound, the nature of 

the carrier, and the intended dosing regimen, it is anticipated that the compositions of the 

invention will contain sufficient active ingredient to provide a dose of about 100 ng/kg to 
20 about 50 mg/kg, preferably about 10 (xg/kg to about 5 mg/kg, of the compound to the 

subject. Any of the conventional dosage forms may be used, such as tablets, lozenges, 

parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 

patches, transmucosal patches and the like. 

The compounds of the invention can be administered as the single therapeutic 
25 agent in the treatment regimen, or the compounds of the invention may be administered in 

combination with one another or with other active agents, including additional immune 

response modifiers, antivirals, antibiotics, etc. 

The compounds of the invention have been shown to induce the production of 

certain cytokines in experiments performed according to the tests set forth below. These 
30 results indicate that the compounds are useful as immune response modifiers that can 

modulate the immune response in a number of different ways, rendering them useful in the 

treatment of a variety of disorders. 
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Cytokines whose production may be induced by the administration of compounds 
according to the invention generally include interferon-a (IFN-a) and/or tumor necrosis 
factor-a (TNF-a) as well as certain interleukins (IL), including EL-1, IL-6, IL-10 and EL- 
12, and a variety of other cytokines. Among other effects, these and other cytokines can 

5 inhibit virus production and tumor cell growth, making the compounds useful in the 

treatment of viral diseases and tumors. Accordingly, the invention provides a method of 
inducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animal. 

Certain compounds of the invention have been found to preferentially induce the 

10 expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells (precursor dendritic cell-type 2) without 
concomitant production of significant levels of inflammatory cytokines. 

In addition to the ability to induce the production of cytokines, the compounds of 
the invention affect other aspects of the innate immune response. For example, natural 

15 killer cell activity may be stimulated, an effect that may be due to cytokine induction. The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 
oxide and the production of additional cytokines. 

Compounds of the invention also have an effect on the acquired immune response. 
For example, the compounds may cause proliferation and differentiation of B 

20 lymphocytes. In addition, the compounds induce responses from T lymphocytes, as 
discussed below. 

Although.there is not believed to be any direct effect on T cells or direct induction 
of T cell cytokines, the production of the T helper type 1 (Thl) cytokine EFN-y is induced 
indirectly and the production of the T helper type 2 (Th2) cytokines IL-4, IL-5 and EL- 13 

25 are inhibited upon administration of the compounds. This activity means that the 

compounds are useful in the treatment of diseases where upregulation of the Thl response 
and/or downregulation of the Th2 response is desired. In view of the ability of compounds 
of the invention to inhibit the Th2 immune response, the compounds are expected to be 
useful in the treatment of atopic diseases, e.g., atopic dermatitis, asthma, allergy, allergic 

30 rhinitis; systemic lupus erythematosis; as a vaccine adjuvant for cell mediated immunity; 
and possibly as a treatment for recurrent fungal diseases and chlamydia. 
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The immune response modifying effects of the compounds make them useful in 
the treatment of a wide variety of conditions. Because of their ability to induce the 
production of cytokines such as EFN-a and7or TNF-a, the compounds are particularly 
useful in the treatment of viral diseases and tumors. This immunomodulating activity 
5 suggests that compounds of the invention are useful in treating diseases such as, but not 
limited to, viral diseases including genital warts; common warts; plantar warts; Hepatitis 
B; Hepatitis C; Herpes Simplex Virus Type I and Type II; molluscum contagiosum; 
varriola major; HIV; CMV; VZV; rhinovirus; adenovirus; influenza; and para-influenza; 
intraepithelial neoplasias such as cervical intraepithelial neoplasia; human papillomavirus 

10 (HPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergillus, and 
cryptococcal meningitis; neoplastic diseases, e.g., basal cell carcinoma, hairy cell 
leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogenous 
leukemia, multiple myeloma, melanoma, non-Hodgkin's lymphoma, cutaneous T-cell 
lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis carnii, 

1 5 cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, and 

leishmaniasis; and bacterial infections, e.g., tuberculosis, and mycobacterium avium. 
Additional diseases or conditions that can be treated using the compounds of the invention 
include actinic keratosis; eczema; eosinophilia; essential thrombocythaemia; leprosy; 
multiple sclerosis; Ommen's syndrome; discoid lupus; Bowen's disease; Bowenoid 

20 papulosis; alopecia areata; the inhibition of Keloid formation after surgery and other types 
of post-surgical scars. In addition, these compounds could enhance or stimulate the 
healing of wounds, including chronic wounds. The compounds may be useful for treating 
the opportunistic infections and tumors that occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

25 An amount of a compound effective to induce cytokine biosynthesis is an amount 

sufficient to cause one or more cell types, such as monocytes, macrophages, dendritic cells 
and 

B cells to produce an amount of one or more cytokines such as, for example, IFN-cc, TNF- 
a, EL-1, IL-6, IL-10 and IL-12 that is increased over the background level of such 
30 cytokines. The precise amount will vary according to factors known in the art but is 

expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 fig/kg to 
about 5 mg/kg. The invention also provides a method of treating a viral infection in an 
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animal and a method of treating a neoplastic disease in an animal comprising 
administering an effective amount of a compound or composition of the invention to the 
animal. An amount effective to treat or inhibit a viral infection is an amount that will 
cause a reduction in one or more of the manifestations of viral infection, such as viral 
5 lesions, viral load, rate of virus production, and mortality as compared to untreated control 
animals. The precise amount will vary according to factors known in the art but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 |ig/kg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
amount that will cause a reduction in tumor size or in the number of tumor foci. Again, 
10 the precise amount will vary according to factors known in the art but is expected to be a 
dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ng/kg to about 5 mg/kg. 

The invention is further described by the following examples, which are provided 
for illustration only and are not intended to be limiting in any way. 

15 Example 1 

6,7-Dimethyl- 1 -(2-phenoxyethyl)~ l/7-imidazo[4,5-c]pyridin-4-amine 




Part A 

20 2,4-dichloro-5 ,6-dimethyl-3-nitropyridine 

Phosphorous oxychloride (105 ml) and 2,4-dihydroxy-5,6-dimethyl-3-nitropyridine 
(10.53 g) were combined and heated to reflux for 2 hours. The reaction mixture was 
cooled and the phosphorous oxychloride was removed under reduced pressure. The 
resulting black solid was dissolved in ethyl acetate (300 ml) and washed with a saturated 

25 aqueous solution of sodium bicarbonate. The basic aqueous layer was washed 2 times 
with ethyl acetate. The combined organic layers were dried with magnesium sulfate and 
concentrated under reduced pressure. The resulting brown solid was run through a column 
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using 60/40 ethyl acetate/hexane as the eluant. The product was found to be pure by NMR 

analysis. 

PartB 

2-chloro-5,6-dimethyl-3 -rutro-N<2-phenoxyethyl)pyridin-4-amine 
5 2,4-DicWoro-5 ? 6-dime%10-nitropyridine (1 .00 g), anhydrous N,N- 

dimethylformamide (5 ml), triethylamine (0.63 ml), and 2-phenoxyethylamine (0.59 ml) 
were combined and the resulting mixture was heated to 55 °C for 24 hours. Thin layer 
chromatography (TLC) monitoring of the reaction indicated that it was complete. The 
solvent was removed under reduced pressure and the remaining oil was dissolved in 

10 dichloromethane (DCM) and washed once with water. Following 2 additional extractions 
with DCM, the organic layers were combined, dried with magnesium sulfate, and the 
solvent was removed under reduced pressure. The product was passed through a column 
using 20/80 ethyl acetate/hexane as the eluant. NMR analysis of the resulting yellow solid 
indicated sufficient purity for use in the next step. 

15 PartC 

2,3-dimethyl-5-nitro-6-phenoxy-N-(2-phenoxye%l)pyridin-4-ainine 

2-Methoxyethyl ether (diglyme) (3 ml) and sodium hydride (60% in oil) (0.56 g) 
were combined and cooled to 0 °C. Phenol (1.24 g) was added slowly in portions to allow 
for controlled release of hydrogen gas. A solution of 2-chloro-5,6-dimethyl-3-nitro-N-(2- 

20 phenoxyethyl)pyridin-4-amine (4.00 g) and diglyme (37 ml) was then added and the 
reaction mixture was heated to 150 °C for 16 hours. At this time, the reaction stalled at 
85% completion. The reaction mixture was allowed to cool and the solvent was removed 
under reduced pressure. The oil was dissolved in ethyl acetate, washed with water, dried 
with magnesium sulfate, and concentrated under reduced pressure. The product was run 

25 through a column using 20/80 ethyl acetate/hexane as the eluant. HPLC analysis of the 
resulting orange solid indicated sufficient purity for use in the next step. 
PartD 

S^-dimethyl^-phenoxy-^^-phenoxyethyOpyridine-S^-diamine 

Anhydrous toluene (100 ml), 5% platinum on carbon (Pt/C) (1.5 g), and 2,3- 
30 dimethyl-5-nilxo-6-phenoxy-N-(2-phenoxyethyl)pyridin-4-amine (2.97 g) from Part C 
were placed in a Parr hydrogenation flask at a hydrogen pressure of 345 kPa for 4 hours 
with shaking. Additional 5% Pt/C (1.5 g) was added and the reaction was allowed to 



134 



WO 03/103584 



PCT/US03/1 7659 



continue for 3 hours. The reaction mixture was filtered through a fluted filter paper and 
then through a folded No. 2 Whatman filter. The solvent was removed from the filtrate 
under reduced pressure and the resulting oil was used in the next step. 
PartE 

5 6,7-dimethyl-4-phenoxy-l-(2-pheno 

5,6-Dimethyl-2-phenoxy-N 4 -(2-phenoxyethyl)pyridine-3,4-diamin (2.41 g), 

triethyl orthoacetate (1 .60 ml), toluene (20 ml), and a catalytic amount of pyridine HC1 
were combined and heated to reflux for 2 hours. HPLC and MS analysis indicated that the 
reaction was complete. The reaction mixture was allowed to cool and the resulting solid 
10 was filtered and dried. NMR analysis of the dried solid indicated a pure product. 
PartF 

6,7-dimethyl- 1 -(2-phenoxyethyl)- 17?-imidazo[4 J 5-c]pyridin-4-amine 

A sealed tube containing ammonium acetate (12.7 g) and 6,7-dimethyl-4-phenoxy- 
l-(2-phenoxyethyl)-lJ : / : -imidazo[4,5-c]pyridine (1.27 g) from Part E was heated to 150 °C 

15 for 36 hours. HPLC and TLC analysis indicated that the reaction was complete. The 
reaction was allowed to cool to room temperature. The resulting reaction mixture was 
then dissolved in dichloromethane (DCM) and washed with 20% aqueous sodium 
hydroxide. The basic layer was washed with DCM and the combined organic layers were 
dried with magnesium sulfate and concentrated under reduced pressure. The resulting oil 

20 was passed through a silica gel column using 95/5 dichloromethane/methanol as the 
eluant. The product was recrystallized from isopropyl alcohol, and the resulting white 
solid was dried under vacuum to provide 6,7-dimethyl- 1 -(2-phenoxyethyl)- 177- 
imidazo[4,5-c]pyridin-4-amine, m.p. 197.0-199.0 °C. 
Analysis: Calculated for C 16 H l8 N 4 0: %C, 68.06; %H, 6.43; %N, 19.84 

25 Found: %C, 67.85; %H, 6.33; %N, 19.74. 
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Example 2 
2,6J-Trimethyl-l-(2-phenoxyet^ 




5 Part A 

2-chloro-5,6-dimethyl-N 4 -(2-phenoxy 

* 

Toluene (150 ml), 5% platinum on carbon (5.0 g), and 2-chloro-5,6-dimethyl-3- 
nitro-N-(2-phenoxyethyl)pyridin-4-ainine (3.32 g) from Part B of Example 1 were placed 
in a Parr hydrogenation flask at a hydrogen pressure of 345 kPa for 4 hours with shaking. 
10 HPLC analysis indicated that the reaction was complete. The reaction mixture was 

filtered through a fluted filter paper and then through a folded No. 2 Whatman filter. The 
solvent was removed from the filtrate under reduced pressure and the resulting brown oil 
was used in the next step. 
PartB 

15 4-chloro-2,6,7-trimethyl-l-^ 

2-Chloro-5,6-dimethyl-N 4 -(2-phenoxyethyl)pyridine-3,4-diamine (2.41 g), triethyl 
orthoacetate (1.60 ml), toluene (20 ml), and a catalytic amount of pyridine HC1 were 
combined and heated to reflux for 2 hours. Methanol (15 ml) was then added and the 
reaction mixture was allowed to cool. The resulting white needles were filtered and dried. 
20 NMR analysis of the dried solid indicated a pure product. 
PartC 

2,6,7-trimethyl-4-phenoxy- 1 -(2-phenoxyethyl)-l//-imidazo[4,5-c]pyridine 

A solution of sodium phenoxide was prepared by adding phenol (0.60 g) in 
portions over a period of 1 hour to a chilled solution of 2-methoxyethyl ether (diglyme) 
25 (40 ml) and sodium hydride (60% in oil) (0.27 g). After 1 hour, 4-chloro-2,6,7-trimethyl- 
l-(2-phenoxyethyl)-l/:r-imidazo[4,5-c]pyridine (1.91 g) from Part B was added to the 
sodium phenoxide solution and the resulting dark brown mixture was heated to reflux for 
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7 days. At this time, the reaction was 80% complete. Remaining sodium hydride was 
quenched by the addition of methanol (5 ml), and the solvents were then removed under 
reduced pressure. The oil was dissolved in ethyl acetate, washed with water and brine, 
dried with magnesium sulfate, and concentrated under reduced pressure. The resulting 
5 brown solid was run through a silica gel column using 80/20 ethyl acetate/hexane as the 
eluant. NMR analysis of the dried solid indicated sufficient purity for carrying the product 
on to the next step. 
PartD 

2,6,7-trimethyl-l -(2-phenoxyethyty 

10 A sealed tube containing anhydrous ammonium acetate (1 1 .4 g) and 2,6,7- 

trimethyl-4-phenoxy-l-(2-phenoxyethyl)-lH-imidazo[4,5-c]pyridine (1.14 g) from Part C 
was heated to 150 °C for 40 hours. The reaction was allowed to cool to room temperature. 
The resulting reaction mixture was then dissolved in ethyl acetate and washed with a 
saturated aqueous solution of sodium bicarbonate. The basic layer was washed twice with 

15 ethyl acetate. The organic layers were combined, dried with magnesium sulfate, and the 
solvents were removed under reduced pressure. The resulting orange solid was passed 
through a silica gel column using 94/6 dichloromethane/methanol as the eluant. Because 
NMR analysis indicated that the white solid contained ammonium acetate, the product was 
dissolved in chloroform and washed with 25% aqueous sodium hydroxide. The resulting 

20 basic aqueous layer was extracted twice with chloroform. The organic layers were 
combined, washed with water, dried with magnesium sulfate, and concentrated under 
reduced pressure. The resulting white solid was dried under vacuum at 60 °C for 24 hours 
to provide 2,6,7-trimethyl-l-(2-phenoxyethyl)-l^ m.p. 
176.0-177.0 °C. 

25 Analysis: Calculated for C 17 H 2 oN 4 0: %C, 68.90; %H, 6.80; %N, 18.90 
Found: %C, 68.71; %H, 6.95; %N, 18.89. 
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Example 3 

2-Butyl-6,7-dimethyl- 1 -(2-phenoxyethyl)- li/-imidazo[4,5-c]pyridin-4-amine 




5 Part A 

N42-chloro~5,6-dimethyl-4-[(2-phenoxy 

Triethylamine (1.39 ml), anhydrous acetonitrile (100 ml), and 2-chloro-5,6- 
dimethyl-N 4 -(2-phenoxyethyl)pyridine-3,4-diainine (2.92 g) from Part A of Example 2 
were combined and cooled to 0 °C in an ice bath. Valeryl chloride (0.59 ml) was slowly 

1 0 added to the reaction mixture. After 2 hours, the reaction mixture was heated to 55 °C for 
24 hours, at which point HPLC analysis indicated the reaction was complete. The reaction 
mixture was cooled and the solvent was removed under reduced pressure. The resulting 
oil was dissolved in dichloromethane and washed with water. The organic layer was dried 
with magnesium sulfate and the solvent was removed under reduced pressure. The 

15 product was then passed through a silica gel column using 50/50 ethyl acetate/hexane as 
the eluant. The resulting light brown solid was used in the next step. 
PartB 

2-butyl-4-chloro-6,7-dimethyl- 1 <2-phenoxyethyl)477-imidazo[4,5-c]pyridine 

Triethylamine (1.93 ml), anhydrous ethanol (35 ml), and N-{2-chloro-5,6- 

20 dimethyl-4-[(2-phenoxyethyl)amino]pyridin-3-yl}pentanamide (1 .32 g) from Part A were 
combined and heated to reflux for 24 hours. The reaction stalled, so the mixture was 
cooled and the solvent was removed under reduced pressure. Pyridine (75 ml) and an 
equivalent of pyridine HCI was added and the reaction mixture was heated to reflux for 16 
hours. TLC analysis indicated that the reaction was complete. The reaction was allowed 

25 to cool and the solvent was removed under reduced pressure. The resulting product was 
dissolved in ethyl acetate and washed 4 times with water (150 ml each) to remove the 
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pyridine HC1. The organic layer was dried with magnesium sulfate and the solvent was 
removed under reduced pressure. NMR analysis of the dried brown solid indicated 
sufficient purity for use of the product in the next step. 
PartC 

5 2-butyl-6J-dimethyl-4-phenoxy-l-(2-pte 

2-Methoxyethyl ether (diglyme) (1.50 ml) and sodium hydride (60% in oil) (0.12 
g) were combined and cooled to 0 °C. Phenol (0.27 g) was added slowly in portions over 
1 hour to allow for controlled release of hydrogen gas. 2-Butyl-4-chloro-6,7-dimethyM- 
(2-phenoxyethyl)-l//-imidazo[4,5-c]pyridine (0.96 g) from Part B was then added and the 

10 reaction mixture became dark brown. The reaction mixture was heated to reflux for 5 
days, at which time HPLC analysis indicated the reaction was complete. The reaction 
mixture was cooled and washed with water. The mixture was filtered and the resulting 
solid was dried under vacuum at 60 °C overnight. NMR analysis of the product indicated 
sufficient purity for use of the product in the next step. 

15 PartD 

2-butyl-6J-dimethyl-l-(2-phenoxyethyl)-li^-imidazo[4,5-c]pyridin-4-amine 

A sealed tube containing ammonium acetate (7.5 g) and 2-butyl-6,7-dimethyl-4- 
phenoxy-l-(2-phenoxyethyl)-lH-imidazo[4,5-c]pyridine (0.75 g) from Part C was heated 
in an oil bath to 150 °C for 48 hours. The reaction reached 70% completion and was 

20 allowed to cool to room temperature. The reaction mixture was then dissolved in ethyl 
acetate and washed with a saturated aqueous solution of sodium bicarbonate. The organic 
layer was dried with magnesium sulfate and concentrated under reduced pressure. The 
product was passed through a silica gel column using 10/90 methanol/ethyl acetate as the 
eluant. To remove impurities, the product was recrystallized twice from acetonitrile with 

25 charcoal. The resulting white crystals were crushed and dried to yield 2-butyl-6,7- 

dime%M-(2-phenoxyethyl)4#-imidazo^ m.p. 130.0-132.0 °C. 

Analysis: Calculated for C 2 oH 2 6N 4 0: %C, 70.98; %H, 7.74; %N, 16.55 
Found; %C, 70.80; %H, 7.43; %N, 16.56. 
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Example 4 

l-[2-(Benzyloxy)ethyl]-2-^ 

amine 




5 

Part A 

tert-butyl 2-(benzyloxy)ethylcarbamate 

To a mechanically stirred mixture of tert-butyl 2-(hydroxy)ethylcarbamate (32.2 g, 
200.4 mmol) and sodium hydroxide (300 mL of 50%) was added 

10 benzyltrimethylammonium chloride (3.79 g, 20.4 mmol) and benzyl bromide (23.8 mL, 
200.4 mmol). After stirring at room temperature for 12 hours TLC monitoring, using 1/1 
hexane/ethyl acetate and ninhydrin stain, indicated complete reaction. The resulting clear 
solution was diluted with ice water (1 L), and the organic layer was separated. The 
aqueous layer was washed with chloroform (4 x). The organic layers were combined and 

1 5 washed with water (2 x) and brine (2 x), dried with sodium sulfate, and concentrated under 
reduced pressure to provide 45 .4 g of clear liquid. NMR analysis confirmed the product, 
which was used in the next step. 
PartB 

2-(benzyloxy)ethylamine HC1 

20 The product from Part A (45.4 g, 180.6 mmol), 2.2 M hydrochloric acid in ethanol 

(200 mL), and 10% aqueous hydrochloric acid (20 mL) were combined and stirred for 62 
hours. The reaction was determined to be complete by TLC and HPLC analysis. The 
volatiles were removed under reduced pressure, and the resulting solids were recrytallized 
from ethyl acetate. The resulting white fluffy crystals were filtered off, rinsed with diethyl 

25 ether, and dried for 1 hour to provide 27.4 g of white solids. NMR analysis confirmed the 
hydrochloride salt of 2-(benzyloxy)ethylamine, which was used in the next step. 
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PartC 

N-[2-(Benzyloxy)ethyl]^ 

2,4-DicMoro-6J-dimethyl-3-nitropyridine (26.89 g, 121.7 mmol), anhydrous N,N- 

dimethylformamide (400 mL), anhydrous triethylamine (48.84 mL), and the 
benzyloxyethylamine hydrochloride salt (27.4 g, 146.0 mmol) from Part B were combined 
under nitrogen and heated to 90 C C for 20 minutes, 60 °C for 1 hour, and then 90 °C for 1 
hour. The reaction was complete as determined by TLC analysis using 8/2 hexane/ethyl 
acetate. The reaction mixture was concentrated under reduced pressure, and the resulting 
orange solids were triturated with water. The resulting solids were filtered off and 
recrystallized from ethyl acetate. Recrystallized solids were rinsed with hexane and dried 
under vacuum at 50 °C for 30 minutes to provide 21 .8 g of yellow fluffy solid for use in 
the next step. NMR analysis confirmed the N-[2-(benzyloxy)ethyl]-2-chloro-5,6- 
dimethyl-3-nitropyridin-4-amine and a minor amount of residual salts. 
PartD 

N^2-(Benzyloxy)ethyl]-5,6-dim^ 

To a stirred solution of sodium hydride (4.75 g, 1 1 8 .8 mmol, 60% in mineral oil) in 
diglyme (50 mL) under a nitrogen purge was added phenol (1 1 .56 g, 122.8 mmol) 
dissolved in diglyme (50 mL) by cannula over a 10 minute period. The flask from which 
the phenol solution was transferred was washed with diglyme (2 x 20 mL), and the 
washings were added to the reaction mixture. Because the reaction was exothermic, an ice 
bath was used to cool the reaction mixture. After 15 minutes, addition of a solution of N- 
[2-(benzyloxy)ethyl]-2-cWoro-5,6-dimethyl-3-nitropyridin-4-amine (26.6 g, 79.2 mmol) in 
diglyme (100 mL) to the clear solution of sodium phenoxide was begun. The flask from 
which the pyridine-4-amine starting material was transferred was rinsed with diglyme (3 x 
20 mL), and the rinsings were transferred to the sodium phenoxide solution as well. The 
transfer was complete after 15 minutes, and the resulting orange solution was heated to 
about 150 °C for 4.5 hours when the reaction was determined to be essentially complete by 
HPLC. The resulting reaction solution was concentrated under reduced pressure, and the 
resulting dark oil was dissolved in ethyl acetate. The ethyl acetate solution was wased 
with ammonium chloride (1 x), 1 N potassium hydroxide (3 x), and brine (2 x). The 
potassium hydroxide fractions were combined and extracted with dichloromethane (4 x). 
The organic fractions were combined, dried with magnesium sulfate, and concentrated 



141 



WO 03/ 1 03584 PCT/US03/ 1 7659 

under reduced pressure. The resulting dark oil was passed through a column containing 
400 g silica using 8/2 hexane/ethyl acetate. The resulting isolated product was an orange 
oil, which was triturated with hexane/diethyl ether. The resulting yellow solids were 
dried in a vacuum oven at 60 °C to provide 21 g of product. NMR and LC/MS analyses 
5 confirmed the N-[2-(benzyloxy)ethyl]-23-dimethyl-5-mtro-6-phenoxypyridin^-amine 
with good purity. 
PartE 

N 4 -[2-(Benzyloxy)ethyl]-5 ? 6-dimethyl-2-phenoxypyridine-3,4-diamine 

N-[2-(Benzyloxy)ethyl]-5,6-dimethyl-3-nitro-2«phenoxypyridin-4-amine (12 g, 

10 30.499 mmol) from Part D was combined with 5% platinum on carbon (2.2 g) in a Pan- 
flask under a nitrogen purge. Toluene was slowly added to the resulting reaction mixture, 
which was then pressurized with hydrogen at 3 10 kPa. After 2 hours the reaction was 
complete. The resulting reaction mixture was filtered through Celite™ filter agent, and 
the filtrate was concentrated under reduced pressure to provide 10.6 g of brown oil. NMR 

1 5 analysis confirmed the N 4 -[2-(ben2yloxy)ethyl]-5,6-dimethyl-2-phenoxypyridine-3,4- 
diamine at a purity of 99+%. 
PartF 

2-(Ethoxymethyl)- 1 - [2-(benzyloxy) 
cjpyridine 

20 N 4 -[2-(Benzyloxy)ethyl]-5,6-dimethyl"2-phenoxypyridin-3,4-amine (5.3 g, 14.582 

mmol) from Part E, pyridine (50 mL), and pyridine hydrochloride (0.034 g, 0.2916 mmol) 
were combined with stirring under nitrogen and cooled with an ice bath to about 7 °C. 
Ethoxyacetyl chloride (1.876 g, 15.311 mmol) was added dropwise over 1 minute, and the 
resulting reaction mixture was stirred for 30 minutes. The ice bath was removed. LC/MS 

25 analysis of the resulting reaction solution confirmed the molecular weight of the expected 
amide, and TLC (with 1/1 hexane/ethyl acetate) and HPLC analysis indicated no starting 
material or other by-products present. 

The resulting reaction solution was heated to reflux (~ 90 °C) for about 10 hours. 
HPLC analysis of the resulting reaction solution indicated about 4% of the amide 

30 remaining along with the desired product. The reaction solution was cooled to room 
temperature and concentrated under reduced pressure. The resulting oil was triturated 
with hexane/diethyl ether, and the resulting solid was filtered off and dried to provide 4.33 
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g of pure product. A second crop from the hexane/diethyl ether was recovered to provide 

an additional 0.3157 g of desired product. 

PartG 

1 -[2-(BenzyIoxy)ethyl]-2-(ethoxymethyl)-6 5 7-dimethyl- l/^imidazo[4,5-c]pyridin-4- 
5 amine 

2-(Ethoxymethyl)-l-[2-(benzyloxy)e^ 
imidazo[4,5-c]pyridine (4.33 g, 10.03 mmOl) was placed in a glass reaction flask, and then 
ammonium acetate (45 g) was added. The flask was sealed with a teflon screw cap and 
heated to 156 °C for 44 hours. The reaction was determined to be complete by HPLC 

10 analysis, and the desired product's molecular weight was confirmed by LC/MS. The 
resulting solution was basified with 1 N potassium hydroxide to a pH of about 14. The 
basic solution was extracted with dichloromethane (5 x), and the organic layers were 
combined, washed with water (3 x) and brine (3 x), dried with magnesium sulfate, filtered, 
and concentrated under reduced pressure. The resulting oil was triturated with diethyl 

1 5 ether. After the resulting solids were filtered off and dried, they were recrystallized from 
ethyl acetate/diethyl ether and again dried. NMR analysis or the recrystallized solids 
indicated impurities. The recrystallized solids were dissolved in ethanol. Hydrochloric 
acid (10 mL, 1 N) was added to the ethanol solution, and the resulting salt was filtered off 
and dissolved in water. The resulting aqueous solution was basified with 1 N potassium 

20 hydroxide to a pH of about 14 and extracted with dichloromethane (4 x). The organic 
layers were combined, washed with water (2 x) and brine (3 x), dried with magnesium 
sulfate, filtered, and concentrated under reduced pressure to a white solid. The white solid 
was dried to provide 1.4285 g of l-[2-(benzyloxy)ethyl]-2-(ethoxymethyl)-6,7-dimethyl- 
l/ttmidazo[4,5-c]pyridin-4-amine, m.p. 107.3-108.2 °C. 

25 Analysis: Calculated for C20H26N4O2: %C, 67.77; %H, 7.39; %N, 15.81 ; Found: %C, 
67.88; %H, 7.44; %N, 15.79. 

! H NMR (300 MHz, DMSO-d 6 ) 5 7.22-7.31 (m, 3H), 7.14 (dd, J = 9.4, 1.9 Hz, 2H), 5.81 
(s, 2H), 4.67 (s, 2H), 4.57 (t, J = 5.6 Hz, 2H), 4.42 (s, 2H), 3.76 (t, J = 5.6 Hz, 2H), 3.47 
(q, J = 7.2 Hz, 2H), 2.34 (s, 3H), 2.30 (s, 3H), 1.12 (t, J = 7.2 Hz, 3H) 

30 
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Example 5 

1 -[2-(Benzyloxy)ethyl]-2,6 ,7-trimethyl- l/^imidazo[4,5-c]pyridin-4-amine 




5 Part A 

1 -[2-(benzyloxy)ethyl]-2,6 ,7-trimethyl-4-phenoxy- l/^imidazo[4 5 5-c]pyridine 

N 4 -[2-(Benzyloxy)ethyl]-5,6-dimethyl-2-phenoxypyrid^^ g, 14.582 

mmol) from Part E of Example 4, anhydrous toluene (50 mL), pyridine hydrochloride 
(0.034 g, 0.2916 mmol), and triethyl orthoacetate (4.00 mL, 21.873 mmol) were combined 

10 with stirring under nitrogen. After the resulting solution was heated to 90 °C (gentle 
reflux) for 1 hour, the reaction was complete. The reaction solution was concentrated 
under reduced pressure, and the resulting oil was dissolved in ethyl acetate. The ethyl 
acetate solution was washed with water (3 x) and brine (2 x), dried with magnesium 
sulfate, filtered, and concentrated under reduced pressure. The resulting solid was 

15 triturated with diethyl ether, filtered off, and dried to provide 5.1 13 g of pure white 
product, which was used in the next step. 
PartB 

l-[2-(benzyloxy)ethyl]-2,6,7-trime%^ 

l-[2-(Benzyloxy)ethyl]-2,6,7-tr^ 

20 (5.1 13 g, 13.195 mmol) from Part A and ammonium acetate (51 g) were combined in a 
dried glass pressure flask under nitrogen. The flask was sealed and heated to 150 °C for 
46 hours. The reaction was complete, and the resulting solution was cooled and basified 
to a pH of about 12 with 1 N potassium hydroxide. The basic solution was extracted with 
dichloromethane (3 x), and the organic layers were combined, washed with water (3 x) 

25 and brine (3 x), dried with magnesium sulfate, filtered, and concentrated under reduced 
pressure. The resulting oil was triturated with diethyl ether, and the resulting solids were 
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filtered off. NMR analysis of the solids indicated residual phenol. The solids were 
dissolved in ethyl acetate. The ethyl acetate solution was washed with 1 N potassium 
hydroxide (4 x), water (3 x) and brine (3 x), dried with magnesium sulfate, filtered, and 
concentrated under reduced pressure. The resulting oil was diluted with diethyl ether, and 

5 after several hours the resulting crystals were filtered off and rinsed with diethyl ether. 
The resulting solids, which by NMR analysis were free of the phenol, were dried at 60 °C 
for 17 hours under high vacuum to provide 2.2515 g of l-[2-(benzyloxy)ethyl]-2,6,7- 
1ximethyl-lif-imidazo[4,5-c]pyridin-4-amine,m.p. 136.8-137.5 °C. 
Analysis: Calculated for C18H22N4O: %C, 69.65; %H, 7.14; %N, 18.05; Found: %C, 

10 69.71; %H, 7.06; %N, 18.03. 

l H NMR (300 MHz, DMSO-d 6 ) 5 7.24-7.31 (m, 3H), 7.15 (dd, J - 9.4, 1.9 Hz, 2H), 5.61 
(s, 2H), 4.45 (t, J - 5.3 Hz, 2H), 4.42 (s, 2H), 3.73 (t, J = 5.3 Hz, 2H), 2.47 (s, 3H), 2.32 (s, 
3H), 2.29 (s, 3H) 



15 



Example 6 

l~[2-(Benzyloxy)ethyl]-6,7-dimethyl-2-propy^ 




Part A 

20 1 -[2-(benzyloxy)ethyl]-6,7-dimethyl-4-phenoxy-2-propyl- l/f-imidazo[4,5-c]pyridine 

Pyridine hydrochloride (0.04 g, 0.380 mmol), and trimethyl orthobutyrate (4.6 mL, 
28.48 mmol) were added to a stirred solution of N 4 -[2-(benzyloxy)ethyl]-5,6-dimethyl-2- 
phenoxypyridine-3,4-diamine (6.9 g, 18.984 mmol) prepared as in Part E of Example 4 in 
toluene (65 mL). After the resulting solution was heated to reflux for 2 hours, the reaction 

25 was complete as determined by TLC (using 1/1 hexane/ethyl acetate), HPLC, and LC/MS. 
The reaction solution was then concentrated under reduced pressure, and the resulting oil 
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was dissolved in ethyl acetate. The ethyl acetate solution was washed with brine (3 x), 
dried with magnesium sulfate, filtered, and concentrated under reduced pressure. The 
resulting tan solids were triturated with diethyl ether, filtered off, and dried to provide 
6.5862 g of pure product (by NMR and LC/MS), which was used in the next step. 
5 PartB 

1 -[2-(benzyloxy)ethyl]-6,7-dimethyl-2-propyl- li/-imidazo[4,5-c]pyridin-4-amine 

l-[2-(Benzyloxy)ethyl]-6,7-dimethyl-4-phenoxy-2-propyl-li/-inu 
c]pyridine (6.6 g, 15.8 mmol) and ammonium acetate (66 g) were combined in a dried 
glass pressure flask under nitrogen with stirring. The flask was sealed with a teflon screw 

10 cap and heated to 1 56 °C for 44 hours. The reaction was complete as determined by 

HPLC and LC/MS, and the resulting solution was cooled and basified to a pH of about 14 
with 1 N potassium hydroxide. The basic solution was extracted with dichloromethane (5 
x), and the organic layers were combined, washed with 1 N potassium hydroxide (3 x), 
water (1 x) and brine (3 x), dried with magnesium sulfate, filtered, and concentrated under 

15 reduced pressure. The resulting residue was triturated with ethyl acetate/diethyl ether, and 
the resulting solids were filtered off and dried. NMR analysis of the solids indicated 
impurities. The solids were recrystallized from isopropyl alcohol and dried. Impurities 
were found in the resulting solids (3.2982 g), which were then recrystallized from ethyl 
acetate/hexane and again dried. The resulting solids (2.4076 g), still with impurities, were 

20 dissolved in ethanol, and the resulting solution was treated with 1 M hydrochloric acid in 
diethyl ether (10 mL). The resulting hydrochloride salt was filtered off, dissolved in 
water, and the aqueous solution was basified with IN potassium hydroxide to a pH of 
about 14. The resulting aqueous mixture was extracted with dichloromethane (5 x), and 
the combined organic layers were washed with water (3 x) and brine (3 x), dried with 

25 magnesium sulfate, filtered, and concentrated under reduced pressure. The resulting white 
solid was dried to provide 1.5999 g of l-[2-(benzyloxy)euhyl]-6,7-dimethyl-2-propyl-l//- 
imidazo[4,5-c]pyridin-4-amine, m.p. 99.5-100.0 °C. 

Analysis: Calculated for C20H26N4O: %C, 70.98; %H, 7.74; %N, 16.55; Found: %C, 
70.79; %H, 7.71; %N, 16.80. 
30 'HNMR(300 MHz, DMSO-d 6 ) 5 7.24-7.31 (m, 3H), 7.14 (dd, J = 9.4, 2.3 Hz, 2H), 5.60 
(s, 2H), 4.46 (t, J = 5.6 Hz, 2H), 4.41 (s, 2H), 3.71 (t, J = 5.3 Hz, 2H), 2.78 (t, J = 7.5 Hz, 
2H), 2.32 (s, 3H), 2.29 (s, 3H), 1.76 (sextet, J = 7.5 Hz, 2H), 0.95 (t, J = 7.2 Hz, 3H) 
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Example 7 

2,6 ,7-Trimethyl-l - {2-[(3-phenylprop-2-ynyl)oxy]ethyl} 4tf-imidazo[4,5-c]pyridin-4^ 



amine 

NH 0 



5 




Part A 

3-Bromo- 1 -phenylpropyne 

3-Phenyl-2-propyn-l-ol (5 g, 37.83 mmol), anyhdrous diethyl ether (10 mL), and 

10 anhydrous pyridine (0.76 mL) were combined with stirring under nitrogen. To the 

resulting reaction mixture cooled to about 7 °C with an ice bath was added dropwise over 
20 minutes a solution of phosphorous tribromide (1.8 mL (18.92 mmol) in anhydrous 
diethyl ether (20 mL). The ice bath was then removed, and the solution was stirred at 
room temperature for 2 hours. The reaction was complete, and the resulting reaction 

1 5 mixture was diluted with ice water. The organic layer was separated, and the aqueous 

layer was washed with diethyl ether (3 x). The combined organic layers were washed with 
water (2 x), saturated aqueous sodium bicarbonate (2 x), and brine (2 x), dried with 
magnesium sulfate, diluted with 8/2 hexane/ethyl acetate (100 mL), filtered through silica, 
and concentrated under reduced pressure. The resulting oil was filtered through silica with 

20 a dichloromethane rinse. The filtrate was concentrated under reduced pressure to provide 
a slightly cloudy oil (7.22 g). 3-Bromo- 1 -phenylpropyne was confirmed by NMR 
analysis. 
PartB 

l-[(2-Chloro-5,6-dimethyl-3-mtropyridin-4-yl)amino]ethan-2-ol 
25 2,4-Dichloro-5,6-dimethyl-3-nitropyridine (60 g, 27 1 .4 mmol), anhydrous N,N- 

dimethylformamide (900 mL), ethanolamine (19.6 mL, 325.8 mmol), and anhydrous 
triethylamine (45.4 mL, 325.8 mmol) were combined with stirring under nitrogen. The 
reaction mixture was held at 40 °C for 17 hours when TLC and HPLC monitoring 
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indicated complete reaction with no starting material present. The resulting reaction 

mixture was concentrated under reduced pressure, the resulting yellowish orange solids 

were triturated with water (3 x 1 L), filtered off, and dried by dissolving the solids in 

methanol/diethyl ether, followed by removal of the solvents under reduced pressure. The 

5 resulting solids were slurried in diethyl ether, followed by removal of the diethyl ether 

under reduced pressure. After repeating the slurrying and solvent removal several times, 

the resulting solid was dried at 85 °C for 16 hours under high vacuum to provide 55.2 g of 

yellow solid, which was carried on to the next step. NMR analysis confirmed l-[(2- 

chloro-5,6-dimethyl-3-ni1xopyridin-4-yl)amino]ethan-2-ol. 
10 PartC 

l-[(23-Dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]ethan-2-ol 

A solution of phenol (94 g, 998.9 mmol) in diglyme (200 mL) was added slowly 
over 45 minutes to a solution of sodium hydride (38.06 g, 951.5 mmol, 60% in mineral 
oil) in diglyme (100 mL) cooled to 4 °C with an ice bath. Hydrogen gas evolved, and the 

1 5 temperature increased to a maximum of 34 °C, but was immediately reduced by slowing 
the rate of phenol addition. After addition was complete, the reaction mixture was stirred 
for 1 hour. About 200 mL of the resulting clear solution was removed and set aside. The 
ice bath was removed, and H(2-cWoro-5,6-dimethyl-3-nitro^ 
(55.2 g, 224.69 mmol) dissolved in diglyme (400 mL) was added to the clear reaction 

20 solution under nitrogen. The flask from which the starting material was transferred was 
rinsed with diglyme (2 x 100 mL), and the rinsings were added to the resulting reaction 
mixture. This reaction mixture was heated to 1 10 °C for 4 hours under a flow of nitrogen, 
and then the resulting reaction mixture was concentrated under reduced pressure. The 
resulting oil was cooled to about 5 °C for 2 days, triturated with hexane, and passed 

25 through a silica gel column using 8/2 hexane/ethyl acetate, then 7/3 hexane/ethyl acetate, 
and ending with 6/4 hexane ethyl acetate over 3 days. A first 10.5 g fraction of impure 
product and a second 3.9 g fraction of pure product were isolated. The first fraction 
(9.6510 g) was dissolved in ethyl acetate/hexane and the product allowed to crystallize. 
The crystals were filtered off and dried to provide 9.6510 g of product, which was 

30 combined with the previous 3.9 g of pure product and carried on to the next step. 
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PartD 

1 -[(2,3-Dimethyl-5 -nitro-6-phenoxypyridin-4-yl)amino]eth-2-yl Acetate 

l-[(2,3-Dimethyl-5-mtro-6-phenoxypyrid (13.55 g, 44.67 

mmol), anhydrous dichloromethane (150 mL), pyridine (21.7 mL), and 
dimethylaminopyridine (0.11 g) were combined, and then acetic anhydried was added 
under nitrogen. The resulting solution was stirred at room temperature for 30 minutes. 
The reaction was complete, and the reaction solution was concentrated under reduced 
pressure. The resulting oil was dissolved in dichloromethane, and the dichloromethane 
solution was washed with 4% sodium bicarbonate (3 x), water (3 x), and brine (3 x), dried 
with magnesium sulfate, filtered, and concentrated under reduced pressure. The resulting 
yellow solid was triturated with diethyl ether, and the solids were filtered off and dried to 
provide 11.5 g of product. The l-[(2,3-Dimethyl-5-nitro-6-phenoxypyridin-4- 
yl)amino]eth-2-yl acetate structure was confirmed by NMR and its molecular weight was 
confirmed by LC/MS. 
PartE 

1 -[(3 -Amino-5 ,6-dimethyl-2-phenoxypyridin-4-yl)amino]eth-2-yl Acetate 

l-[(2,3-Dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]eth-2-yl acetate (11.5 g, 
33.30 mmol) was combined with 5% platinum on carbon (5.0 g) in a Parr flask. Toluene 
was added to the flask (120 mL) and the resulting mixture was pressurized with hydrogen 
at 310 kPa at room temperature for 1.6 hours. The reaction was complete as determined 
by LC/MS and HPLC. The resulting reaction mixture was filtered through Celite™ filter 
agent, and the filter cake was rinsed with more toluene. The volatiles were removed under 
reduced pressure, and the resulting oil was carried on to the next step. 
PartF 

1 -[2,6,7-Trimethyl-4-phenoxy- l#-imidazo[4,5-c]pyridin- 1 -yl]eth-2-yl Acetate 

14(3-Amino-5,6-dimethyl-2-phenoxypyridin-4-yl)amino]eth-2-yl acetate (10.5 g, 

33.29 mmol), toluene (100 mL), pyridine hydrochloride (0.077 g, 0.6659 mmol), and 
triethyl orthoacetate (9.1 mL, 49.94 mmol) were combined with stirring and the resulting 
mixture was heated to a gentle reflux (about 95 °C) for 1.5 hours. The reaction was 
complete. The resulting reaction mixture was concentrated under reduced pressure to 
white solids, which were dissolved in ethyl acetate. The ethyl acetate solution was washed 
with water (3 x) and brine (2 x), dried with magnesium sulfate, filtered, and concentrated 
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under reduced pressure. The resulting solid was triturated with diethyl ether, filtered off, 
and dried at 60 °C overnight to provide 1 1.1 g of pure product, which was carried on to the 
next step. 
PartG 

5 1 -[2,6,7-Trimethyl-4-phenoxy- l#-imidazo[4,5-c]pyridin-l -yl]ethan-2-ol 

l-[2,6,7-TrimethyU4-phenoxy- l/f-imidazo[4,5-c]pyridin-l-yl]eth-2-yl acetate 
(11.1 g, 33.0 mmol), methanol (250 mL), and potassium carbonate (1.14 g, 8.25 mmol) 
were combined with stirring and heated to 45 °C under nitrogen. The reaction was 
complete after 30 minutes, and the reaction mixture was concentrated under reduced 
10 pressure to a solid, which was dissolved in dichloromethane. The resulting solution was 
subjected to flash chromatography using 9/1 dichloromethane/methanol. A white solid 
was isolated and dried to provide 9.1 g of product. 
PartH 

N 

l-[2,6,7-Trimethyl-4-phenoxy4^-imidazo[4,5-c]pyridin- 1 -yl]eth-2-yl (3-Phenylprop-2- 
15 ynyl) Ether 

Sodium hydride (0.82 g, 20.48 mmol, 60% in mineral oil) and anhydrous N,N- 
dimethylformamide (20 mL) were combined and stirred for 5 minutes under nitrogen. A 
solution of l-[2,6,7-trimethyl-4~phenoxy- (5.8 g, 

19.50 mmol) from Part G in N,N-dimethylformamide (30 mL) was then added to the 

20 sodium hydride over 5 minutes. After stirring the resulting reaction solution for 10 
minutes at room temperature, a solution of 3-bromo-l-phenylpropyne (4.18 g, 21.45 
mmol) from Part A in N,N-dimethylformamide (15 mL) was added to the reaction 
solution, and the resulting reaction mixture was stirred for 4 hours and 10 minutes. 
Sodium hydride (0.10 g, 60 % in mineral oil) and then 3-bromo-l-phenylpropyne (1 g) 

25 were added to the reaction mixture, and after stirring for 30 minutes, HPLC monitoring of 
the reaction mixture indicated about 7% starting material remaining. The reaction mixture 
was concentrated under reduced pressure, and the resulting oil was dissolved in 
dichloromethane. The dichloromethane solution was washed with saturated ammonium 
chloride (3 x), water (3 x), and brine (3 x), dried with magnesium sulfate, filtered, and 

30 concentrated under reduced pressure to a brown solid, which was triturated with diethyl 
ether. The resulting solid was filtered off, and a second crop was collected from the 
mother liquor. The combined solids were passed through a column of silica (120 g, 40 x 
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200 mm) using 95/5 ethyl acetate/dichloromethane. A white solid (5.4 g) was isolated and 
carried on to the next step. HPLC analysis indicated the presence of about 9% starting 
material in the white solid. 
Parti 

5 2,6,7-Tiraethyl-l-{2-[(3-pheny^ 
amine 

1 -[2,6,7-Trimethyl-4-phen^ (3- 
phenylprop-2-ynyl) ether (5.4 g, 13.122 mmol) from Part H and ammonium acetate (54 g) 
were combined in a glass pressure vessel. The vessel was sealed with a teflon screw cap, 

10 and the reaction mixture was heated to 150 °C for 45 hours. The reaction was essentially 
complete, and the resulting reaction solution was cooled with an ice bath, acidified to a pH 
of 1 with 10% hydrochloric acid, and washed with dichloromethane (3 x 500 mL). The 
combined organic portions were washed with 10% hydrochloric acid (4 x). The acidic 
aqueous portions were combined, basified with potassium hydroxide pellets to a pH of 14. 

1 5 The resulting brown solids were filtered off and recrystallized from methanol. A first crop 
of 0.6 g was collected for use in Example 5, and a second crop was collected and found to 
contain about 2% of the 4-hydroxy compound by NMR analysis. The second crop was 
returned to the mother liquor, and dichloromethane was added until all solids were 
dissolved. 1M Hydrochloric acid in diethyl ether (20 mL) was added to the resulting 

20 solution, and the solids that formed were filtered off, and dissolved in water, which was 
basified to a pH of 14 with potassium hydroxide pellets. The resulting solution was 
washed with dichloromethane (3 x). The organic portions were combined, washed with 
water (2 x) and brine (2 x), dried with magnesium sulfate, filtered, and concentrated under 
reduced pressure. The resulting white solid (1.8 g) was dissolved in dichloromethane (150 

25 mL), and 1M hydrochloric acid in diethyl ether (5.3 mL) was added to the resulting 

solution. The acidified solution was concentrated under reduced pressure. The resulting 
solids were dissolved in water, and this aqueous solution was filtered to remove an oily 
sludge. The filtrate was basified with a few drops of 20% potassium hydroxide and then 
IN potassium hydroxide to a pH of 13. The fine white precipitate that formed was filtered 

30 off, rinsed with diethyl ether, and dried under vacuum for 1 8 hours to provide 1 .8064 g of 
2,6,7-trimethyM - {2-[(3-phenylprop-2-ynyl)oxy]e%l}-lH-imidazo[4,5-c]pyridin-4- 
amine,m.p. 186.8-187.5 °C. 
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Analysis: Calculated for C20H22N4O: %C, 71.83; %H, 6.63; %N, 16.75; Found: %C, 
71.51; %H, 6.50; %N, 16.71. 

l H NMR (300 MHz, DMSO-d*) 6 7.32-7.40 (m, 5H), 5.61 (s, 2H), 4.47 (t, J = 5.3 Hz, 2H), 
4.36 (s, 2H), 3.83 (t, J = 5.6 Hz, 2H), 2.50 (s, 3H), 2.36 (s, 3H), 2.28 (s, 3H) 



Example 8 

2,6,7-Trimethyl- 1 -[2-(3 -phenylpropoxy)ethyl]- l//-imidazo[4,5-c]pyridin-4-amine 

NH 2 




1 0 2,6 J-Trimethyl-1 - {2-[(3 -phenylprop-2-ynyl)oxy]ethyl} -1 tf-imidazo[4,5- 

c]pyridin-4-amine (0.55 g, 1.645 ratnol) from Part I of Example 7 was combined with 10% 
palladium on carbon (0.10 g) in a Parr reactor. Methanol (30 mL) was added to the 
resulting mixture under a nitrogen purge, and then the mixture was placed under hydrogen 
at a pressure of 3 10 kPa for 4 hours. The resulting reaction mixture was filtered through a 

1 5 layer of Celite™ filter agent, and the filtrate was concentrated under reduced pressure to a 
clear oil. The oil was dissolved in 5% methanol in diethyl ether (~ 50 mL), and 1M 
hydrochloric acid in diethyl ether (1.7 mL) was added to the resulting solution. Volatiles 
were removed under reduced pressure, and the resulting solids were dissolved in water. 
The aqueous solution was stirred for 10 minutes when the product oiled out of solution. 

20 The aqueous portion was washed with dichloromethane (3 x). The combined organic 
portions were washed with water (2 x) and brine (3 x), dried with magnesium sulfate, 
filtered, and concentrated to a glassy oil under reduced pressure. The oil was triturated 
with diethyl ether. The solids that formed after 10 minutes of stirring were filtered off and 
dried for 18 hours to provide 0.3185 g of 2,6,7-trimethyl-l-[2-(3-phenylpropoxy)ethyl]- 

25 l#-imidazo[4,5-c]pyridin-4-amine, m.p. 1 18.1-1 19.0 °C. 
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Analysis: Calculated for C20H26N4O: %C, 70.98; %H, 7.74; %N, 16.55; Found: %C, 
70.72; %H, 7.77; %N, 16.65. 

'H NMR (300 MHz, DMSO-d 6 ) 8 7.09-7.22 (m, 3H), 6.99 (d, J = 8.1 Hz, 2H), 5.66 (s, 
2H), 4.43 (t, J = 5.3 Hz, 2H), 3.64 (t, J = 5.3 Hz, 2H), 3.27 (t, J = 6.2 Hz, 2H), 2.51 (s, 
5 3H), 2.45 (t, J - 7.8 Hz, 2H), 2.36 (s, 3H), 2.31 (s, 3H), 1.68 (p, J = 7.0 Hz, 2H) 

Example 9 

2,6,7-TrimethyM-(2-{[(2E)-3-phenylprop-2-enyl^^^ 



amine 

NH, 



10 




Part A 

l-[2,6,7-Trimethyl-4-phenoxy-lH-inndazo[4,5-c]pyridin-l-yl]eth-2-yl [(2E)-3- 
Phenylprop-2-enyl] Ether 

15 Sodium hydride (0.41 g, 10.24 mmol, 60% in mineral oil) and anhydrous N,N- 

dimethylformamide (10 mL) were combined and stirred for 5 minutes under nitrogen. A 
solution of l-[2,6 J-trime%M-phenoxy-lH-imidazo[4,5-cfr (2.9 g, 

9.752 mmol) from Part G of Example 7 in N,N-dimethylformamide (15 mL) was then 
added to the sodium hydride over 5 minutes. After stirring the resulting reaction solution 

20 for 10 minutes at room temperature, a solution of cinnamyl bromide (2.1 1 g, 10.73 mmol) 
in N,N-dimethylformamide (15 mL) was added to the reaction solution, and the resulting 
reaction mixture was stirred for 4 hours and 10 minutes. Sodium hydride (0.10 g, 60 % in 
mineral oil) and then cinnamyl bromide (0.1 g) were added to the reaction mixture, and 
after stirring for 30 minutes, HPLC monitoring of the reaction mixture indicated about 9% 

25 starting material remaining. The reaction mixture was concentrated under reduced 
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pressure, and the resulting oil was dissolved in dichloromethane. The dichloromethane 
solution was washed with saturated ammonium chloride (3 x), water (3 x), and brine (3 x), 
dried with magnesium sulfate, filtered, and concentrated under reduced pressure to a white 
solid, which contained about 6% starting material by HPLC analysis. The white solid was 
5 passed through a column of silica (120 g, 40 x 200 mm) using 95/5 ethyl 

acetate/dichloromethane. The isolated product was triturated with diethyl ether, filtered 
off, and dried to provide 2.9 g of product with no starting material. This was carried on to 
the next step. 
PartB 

10 2,6,7-TrimethyM-(2-{[(2E)-3^ 
amine 

1 -[2,6,7-Trimethyl-4-phenoxy- l#-imidazo [4,5-c]pyridin- 1 -yl] eth-2-yl [(2E)-3- 
phenylprop-2-enyl] ether (2.9 g, 7.013 mmol) from Part A and ammonium acetate (54 g) 
were combined in a glass pressure vessel. The vessel was sealed with a teflon screw cap, 

15 and the reaction mixture was heated to 1 50 °C for 45 hours. The reaction was complete, 
and the resulting reaction solution was cooled with an ice bath, basified to a pH of about 
13 with IN potassium hydroxide, and washed with dichloromethane (4 x 500 mL). The 
combined organic portions were washed with water (3 x) and brine (3 x), dried with 
magnesium sulfate, filtered, and concentrated under reduced pressure to a white solid. 

20 The resulting white solid was slowly passed through a column containing 200 g silica that 
had been heated with 1% diethyl ether in dichloromethane using 98/2 
dichloromethane/methanol. Two crops of product were isolated from the eluted solution, 
and both were recrystallized from isopropyl alcohol. The resulting white powder was 
dried under vacuum for 18 hours to provide 0.7479 g of 2,6,7-trimethyl-l-(2-{[(2E)-3- 

25 phenylprop-2-enyl]oxy}emyl)-l//-imidazo[4,5-c]pyridin-4-amine, m.p. 143.7-144.8 °C. 
Analysis: Calculated for C20H24N4O: %C, 71.40; %H, 7.19; %N, 16.65; Found: %C, 
71.36; %H, 7.10; %N, 16.74. 

l H NMR (300 MHz, DMSO-d 6 ) 6 7.30-7.33 (m, 4H), 7.20-7.25 (m, 1H), 6.37 (d, J = 16.2 
Hz, 1H), 6.20 (dt, J = 16.2, 5.3 Hz, 1H), 5.62 (s, 2H), 4.46 (t, J = 5.3 Hz, 2H), 4.05 (dd, J = 
30 6.2, 1.2 Hz, 2H), 3.74 (t, J = 5.3 Hz, 2H), 2.51 (s, 3H), 2.36 (s, 3H), 2.28 (s, 3H) 
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Example 10 

2,6,7/Trimethyl-l-[2-(3-pyrid^ 




5 Part A 

2- cUoro-5,6-dimethyl-3-Ditro-N-[2-(3-pyridin-3-ylpropoxy)ethyl]p 

Anhydrous N,N-dimethylformamide (200 ml), anhydrous triethylamine (12.1 ml), 
and 2,4-dicWoro-5,6-dimethyl-3-nitropyridine (16.05 g) were combined and 2-(3-pyridin- 

3- ylpropoxy)ethylamine (14.4 g) was then added with stirring. The pale yellow reaction 
10 mixture was heated to 45 °C under a nitrogen atmosphere for 1 hour. HPLC analysis 

indicated that the reaction was sufficiently complete to proceed. The reaction mixture was 
allowed to cool and the solvent was removed under reduced pressure. The resulting oil 
was dissolved in ethyl acetate and washed twice: once with a saturated aqueous solution of 
ammonium chloride and once with water. The organic layer was then extracted 3 times 
1 5 with brine, dried with magnesium sulfate, and concentrated under reduced pressure. The 

* 

product was passed through a silica gel column using 90/10 ethyl acetate/hexane as the 
eluant. The resulting oil was dried under vacuum at 60 °C for 2 hours. NMR analysis 
indicated sufficient purity for use of the product in the next step. 
PartB 

20 2,3-dimethyl-5-nitro-6-phenoxy-N-[2^ 

2-Methoxyethyl ether (diglyme) (50 ml) and sodium hydride (60% in oil) (5.77 g) 
were combined. Under a nitrogen atmosphere, a solution of phenol (13.58 g) and diglyme 
(250 ml) was added slowly over 10 minutes to allow for controlled gas evolution. 2- 
chloro-5,6-dimethyl-3-nitro-N-[2-(3-py^ (35.1 g) 

25 from Part A was then added and the reaction mixture 'was heated to 90 °C. After 1.25 
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hours, the reaction mixture clouded and the temperature was increased to 1 10 °C. After an 
additional 3.75 hours, HPLC and TLC analysis indicated the reaction was complete. The 
reaction mixture was cooled and the solvent was removed under reduced pressure. The 
resulting oil was dissolved in ethyl acetate and washed once with 20% potassium 

5 hydroxide, once with IN potassium hydroxide, 3 times with water, and 3 times with brine. 
The combined organic layers were dried with magnesium sulfate and concentrated under 
reduced pressure. The residue was purified by flash chromatography over silica, eluting 
with 90/10 ethyl acetate/hexane. The fractions containing purified product were 
concentrated under reduced pressure and dried under vacuum at 70 °C overnight. NMR 

10 analysis of the resulting yellow oil indicated sufficient purity for use of the product in the 
next step. 
PartC 

5 ^-dimethyl^-phenoxy-N 4 - [2-(3 -py^ 

Under a nitrogen atmosphere, a solution of 2,3-dimethyl-5-nitro-6-phenoxy-N-[2- 

15 (3-pyridin-3-ylpropoxy)ethyl]pyridin-4-amine (27.1 g) in toluene (300 ml) was added to a 
Parr hydrogenation flask containing 5% platinum on carbon (10 g). After 4 hours at a 
hydrogen pressure of 207 kPa, the reaction was judged complete by HPLC and TLC 
analysis. The molecular weight and structure of the product were confirmed by LC/MS 
and NMR analysis, respectively. The reaction mixture was filtered through filter paper, 

20 Celite™, and magnesium sulfate. The filtrate was used in the next step. 
PartD 

2,6 J-trimethyl-4-phenoxy- 1 -[2-(3-pyridm^ 

A solution of 5,6-dimethyl-2-phenoxy-N 4 -[2-(3-pyridin-3- 
ylpropoxy)ethyl]pyridine-3,4-diamine (12 g) in toluene (300 ml) from Part C was 

25 combined with pyridine HC1 (0.08 g) and triethyl orthoacetate (8.4 ml). Under a nitrogen 
atmosphere, the reaction mixture was heated to reflux (99 °C) for 1 .5 hours. TLC and 
HPLC analysis indicated that the reaction was complete. The solvent was removed under 
reduced pressure. The resulting yellow oil was dissolved in dichloromethane and washed 
once with saturated potassium carbonate, 3 times with water, and 3 times with brine. The 

30 combined organic layers were dried with magnesium sulfate and concentrated under 
reduced pressure. The resulting yellow oil darkened slightly after being dried under 
vacuum at 70 °C overnight. The product was purified by column chromatography over 
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silica using 95/5 ethyl acetate/methanol as the eluant. The product was dried and then 
triturated with diethyl ether to yield a white solid that was dried under vacuum at 80 °C 
overnight. NMR analysis of the dried solid indicated a pure product. 
PartE 

5 2,6,7-trimethyl-l-[2-(3-pyridin-3-ylpro^ 

Under a nitrogen atmosphere, 2,6,7-trimethyl-4-phenoxy- 1 -[2-(3-pyridin-3- 
ylpropoxy)ethyl]-l^-imidazo[4 5 5-c]pyridine (4 g) from Part D and ammonium acetate (40 
g) were heated in a sealedtube to 150 °C. After 46.5 hours, NMR analysis indicated that 
only 7% of the starting material remained. The reaction mixture was cooled to ambient 

10 temperature, diluted with ethyl acetate, and washed 3 times with IN potassium hydroxide 
and once with water. The organic layers were dried with magnesium sulfate and 
concentrated under reduced pressure. The resulting oil was triturated with 90/10 diethyl 
ether/toluene and the filtered solids were dried under vacuum at 45 °C. The pale yellow 
solid was dissolved in 1 0% hydrochloric acid and extracted 3 times with dichloromethane 

15 (DCM). Potassium hydroxide was added to the aqueous layer to bring the pH to 14, and 
this was subsequently washed 3 times with DCM. The combined organic layers were 
washed once with water, 3 times with brine, dried with magnesium sulfate, and 
concentrated under reduced pressure. The oil was purified by column chromatography 
over silica using 97/3 DCM/methanol as the eluant. The oil was then triturated with 

20 diethyl ether/toluene and the resulting solid was recrystallized from ethyl acetate/hexane to 
yield 2,6,7-trime%M-[2-(3 -pyridine ^ 
amine, m.p. 108.6 - 109.5 °C. 

Analysis: Calculated for C19H25N5O: %C, 65.49; %H, 7.52; %N, 20.10 
Found: %C, 65.69; %H, 7.58; %N, 20.36. 
25 J H NMR (300 MHz, DMSO-d 6 ) 5 8.36 (dd, J - 6.2, 4.7 Hz, 1H), 8.30 (d, J = 1.9, 1H), 
7.38 (dt, J= 8.1, 1.9 Hz, 1H), 7.21 (dd, J = 7.8, 4.7 Hz, 1H), 5.78 (s, 2H), 4.44 (t, J = 5.3 
Hz, 2H), 3.66 (t, J = 5.3 Hz, 2H), 3.29 (t, J = 6.2 Hz, 2H), 2.51 (s, 3H), 2.46 (t, J = 8.1 Hz, 
2H), 2.36 (s, 3H), 2.31 (s, 3H), 1.70 (p, J = 7.0 Hz, 2H) 
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Example 1 1 

2-(Ethoxymethyl)-6J-^ 
c]pyridin-4-amine 




5 

Part A 

2<ethoxymethyl)-6J-dime%^ 
imidazo [4, 5 -c]pyridine 

A solution of 5,6-dimethyl-2-phenoxy-N 4 -[2-(3-pyridin-3- 

10 ylpropoxy)ethyl]pyridine-3,4-diamine (12 g) in toluene (300 ml) from Part C of Example 
10 was concentrated under pressure to yield a pale yellow liquid. Under a nitrogen 
atmosphere, this product was combined with anhydrous pyridine (100 ml) and pyridine 
HC1 (0.08 g) and the reaction mixture was cooled to 0 °C in an ice bath. Ethoxyacetyl 
chloride was added dropwise to the reaction mixture over 5 minutes, which induced the 

1 5 formation of a precipitate and changed the color of the solution from clear to pale yellow. 
After 30 minutes, TLC and HPLC analysis indicated the reaction was complete. The 
reaction mixture was gently heated to reflux (100 °C) for 17.5 hours under a nitrogen 
atmosphere. The mixture was allowed to cool and was then concentrated under reduced 
pressure. The oil was dissolved in ethyl acetate and washed once with saturated potassium 

20 carbonate, 3 times with water, and 3 times with brine. The brownish red organic layer was 
purified by column chromatography over silica using ethyl acetate as the eluant. The 
resulting oil was triturated with diethyl ether and dried to yield a white solid. NMR and 
LC/MS analysis indicated sufficient purity for use of the product in the next step. 
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PartB 

2<etaymethyl)-6 J-dimethyl- 1 - [2<3 
c]pyridin-4-amine 

Under a nitrogen atmosphere, 2-(emoxymethyl)-6,7-dimethyl-4-phenoxy-l-[2-(3- 
5 pyridin-S-ylpropoxyJethyy-l/Z-imidazo^^-clpyridine (4.6 g) from Part A and ammonium 
acetate (46 g) were heated in a sealed tube to 150 °C. After 65 hours, NMR analysis 
indicated that the reaction was complete. The reaction mixture was cooled to ambient 
temperature, dissolved in ethyl acetate, and washed 3 times with IN potassium hydroxide 
and once with water. The organic layers were dried with magnesium sulfate and 

1 0 concentrated under reduced pressure. The resulting residue was dissolved in 1 0% 
hydrochloric acid and washed 3 times with dichloromethane (DCM). Potassium 
hydroxide was added to the aqueous layer to bring the pH to 14, and this was subsequently 
washed 4 times with DCM. The combined organic layers were washed twice with water, 
twice with brine, dried with magnesium sulfate, and concentrated under reduced pressure. 

1 5 The oil was purified by column chromatography over silica using 98/2 DCM/methanol as 

the eluant. The oil was then triturated with ethyl acetate/hexane and the resulting solid 

was recrystallized from ethyl acetate/hexane to yield 2-(emoxymethyl)-6,7-dimethyl-l-[2- 

(3-pyridm-3-ylpropoxy)emyl]-liy-imidazo[4,5-c]pyridm^-amme as a white solid, m.p. 
78.0- 78.5 °C. 

20 Analysis: Calculated for C 2 iH29N 5 0 2 : %C, 65.77; %H, 7.62; %N, 18.26 
Found: %C, 65.74; %H, 7.83; %N, 18.31. 

! H NMR (300 MHz, DMSO-d 6 ) 8 8.36 (dd, J - 3.1, 1.9 Hz, 1H), 8.30 (d, J = 1.9, 1H), 
7.39 (dt, J= 8.1, 1.9 Hz, 1H), 7.22 (dd, J = 7.5, 5.0 Hz, 1H), 5.81 (s, 2H), 4.70 (s, 2H), 4.55 
(t, J = 5.3 Hz, 2H), 3.69 (t, J = 5.6 Hz, 2H), 3.50 (q, J = 6.8 Hz, 2H), 3.30 (t, J = 5.9 Hz, 
25 2H), 2.46 (t, J = 7.8 Hz, 2H), 2.39 (s, 3H), 2.3 1 (s, 3H), 1 .70 (q, J = 6.9 Hz, 2H), 1.13 (t, J 
= 6.9 Hz, 3H) 
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Example 12 

2,6 ,7-Trimethyl- 1 -[5-(methylthio)pentyl]- l^imidazo[4,5-c]pyridin-4-ainine 




S 
\ 



5 Part A 

A mixture of 2 5 4-dihydroxy-5,6-dimethyl-3-rdtropyridine (245 g, 1.33 mol) and 
phosphorous oxychloride (2.2 L) was heated at 85°C overnight. The bulk of the 
phosphorous oxychloride (1 .75 L) was removed under reduced pressure to provide a black 
oil. The oil was poured into water (2.5 L) and the mixture was cooled in an ice bath to 

10 5°C. The resulting tan precipitate was isolated by filtration, dissolved in dichloromethane 
(~3 L) and filtered to remove some black solids. The filtrate was washed with 10% 
sodium carbonate and brine, dried over magnesium sulfate and then concentrated under 
reduced pressure to provide 272 g of a light tan solid. This solid was recrystallized from 
heptane (2.5 mL/g) to provide 248 g of 2,4-dicMoro-5,6-dimethyl-3-nitropyridine as large 

1 5 amber rods. 
PartB 

A solution of 5-amino-l-pentanol (28.03 g, 271.4 mmol) inN,N- 
dimethylformamide (200 mL) was added over a period of 45 minutes to a solution of 2,4- 
dichloro-5,6-dimethyl-3-nitropyridine (60.01 g, 271.4 mmol) in N,N-dimethylformamide. 

20 The reaction was stirred overnight and then the N,N-dimethylformamide was removed by . 
vacuum distillation. The residue was dissolved in ethyl acetate (500 mL), washed with 
water (4 x 75 mL), dried over magnesium sulfate and then concentrated under reduced 
pressure. The crude product was dissolved in hot ethyl acetate (400 mL). Hexane was 
added until a clear solution was obtained then the mixture was allowed to cool to ambient 

25 temperature. The resulting precipitate was isolated by filtration and washed with cold 

hexane to provide 26. 87 g of 5-[(2^Moro-5,6-dimethyl-3-nitropyridin-4-yl)amino]pentan- 
l-ol as a solid. An additional 4.41 g was isolated from the filtrate. 
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PartC 

Sodium hydride (6.63 g of 60%, 166 mmol) was added to chilled (0°C) anhydrous 

tetrahydrofuran (200 mL) and the mixture was allowed to stir for 15 minutes. A solution 

of phenol (15.07 g, 160 mmol) in tetrahydrofuran (150 mL) was added dropwise over a 

period of 1 hour. A solution of 5-[(2-chloro-5,6-dimethyl-3-nitropyridin-4- 

yl)amino]pentan-l-ol (31 .723 g, 1 10 mmol) in tetrahydrofuran (150 mL) was added 

dropwise over a period of 30 minutes while maintaining the reaction temperature at 0°C. 

The reaction mixture was allowed to warm to ambient temperature and then it was heated 

at reflux overnight. Analysis by thin layer chromatography indicated that the reaction was 

50-60% complete. An additional equivalent of phenoxide was prepared and added to the 

reaction mixture at ambient temperature; then the reaction mixture was heated at reflux 

overnight. The reaction mixture was concentrated under reduced pressure. The residue 

was dissolved in ethyl acetate (300 mL); washed sequentially with water (2 X 50 mL), 5% 

sodium hydroxide (2 x 50 mL)) and IN sodium hydroxide (2 x 50 mL); dried over 

magnesium sulfate and then concentrated under reduced pressure. The residue was 

divided into two portions and purified by column chromatography (450 g of silica gel 

eluting with 1:1 hexanes:ethyl acetate to 1:3 hexanes.ethyl acetate) to provide 38.13 g of 

5-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]pentan-l-ol. 
PartD 

Thionyl chloride (10.72 mL, 147 mmol) was added dropwise to a mixture of 5- 
[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]pentan-l-ol (34.0 g, 98 mmol) and 
dichloromethane (250 mL). The reaction mixture was heated at reflux for 2 hours and 
then it was placed in an ice bath and quenched with water. The reaction mixture was 
concentrated under reduced pressure. The residue was combined with water (300 mL). 
Solid sodium bicarbonate was slowly added to pH 1 0; then the mixture was extracted with 
ethyl acetate (250 mL). The extract was washed sequentially with saturated sodium 
bicarbonate (2 x 100 mL) and brine (1 x 100 mL), dried over magnesium sulfate and then 
concentrated under reduced pressure to provide 30.96 g of N-(5-chloropentyl)-2,3- 
dimethyl-5-nitro-6-phenoxypyridin-4-amine. 
PartE 

A solution of A^(5-cWoropentyl)-2,3-dimethyl-5-nitro-6-phenoxypyridin-4-ainine 
(30.86 g, 85 mmol) in toluene (200 mL) was added to a Parr vessel containing a mixture of 
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5% platinum on carbon (25.24 g) and toluene (100 mL). The vessel was placed under 
hydrogen pressure (30 psi, 2.0 X 10 5 Pa) and allowed to shake overnight. The reaction 
mixture was filtered through a layer of Celite® filter aid. The filtrate was concentrated 
under reduced pressure to provide 24.97 g of ^-(S-chloropentyO-S^-dimethyl^- 
phenoxypyridine-3,4-diamine as a thick off white oil. 
PartF 

Pyridine hydrochloride (2 g) and trimethyl orthoacetate (10.5 mL, 82 mmol) were 
added to a solution of ^<5-chloropentyl)-5,6-dimethyl-2-phenoxypyridine-3,4-diamine 
(24.97 g, 75 mmol) in anhydrous tetrahydrofiiran (200 mL). The reaction mixture was 
heated at reflux for 25 hours, cooled to ambient temperature and then concentrated under 
reduced pressure. The residue was dissolved in hot ethyl acetate, titrated with hexanes and 
then cooled. The resulting precipitate was isolated by filtration and then it was dissolved 
in ethyl acetate (300 mL), washed with water (2 x 100 mL) and with brine (1 x 100 mL), 
dried over magnesium sulfate and then concentrated under reduced pressure to provide 
21.09 g of l-(5-cMoropentyl)-2,6,7-trimethy^ 
Part G 

Sodium thiomethoxide (1.5 g, 21 mmol) was added to a solution of l-(5- 
chloropentyl)-2,6,7-trimethy^ (7.00 g, 19 mmol) in 

anhydrous N,N-dimethylformamide (80 mL). The reaction mixture was stirred at ambient 
temperature for 1.5 hours, then it as quenched with water and extracted with ethyl acetate 
(250 mL). The extract was washed with water (5 X 50 mL), dried over magnesium sulfate 
and then concentrated under reduced pressure to provide 6.73 g of 2,6,7-trimethyl-l-[5- 
(methyltWo)pentyl]-4-phenoxy4H-imidazo[4,5-c]pyridine. 

PartH 

Ammonium acetate (25 g) and 2,6,7-trimethyl-l-[5-(methylthio)pentyl]-4- 
phenoxy-l#-imidazo[4,5-c]pyridine (2.75 g, 7.45 mmol) were combined and heated at 
160°C overnight. The reaction mixture was cooled to 0°C and then diluted with water (50 
mL). The pH was adjusted to >13 with 15% sodium hydroxide and then the mixture was 
extracted with chloroform (2 x 100 mL). The combined extracts were dried over 
magnesium sulfate and then concentrated under reduced pressure. The residue was 
purified on deactivated silica gel (triethylamine) eluting with 2% methanol in chloroform 
and then recrystallized from ethyl acetate/hexanes to provide 1.089 g of 2,6,7-trimethyl-l- 
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[5<methylthio)penty^ as an off white solid, m.p. 121- 

122°C. 

Analysis: Calculated for Q5H24N4S: %C, 61.61; %H, 8.27; %N, 19.16; Found: %C, 61.40; 
%H, 8.43; %N, 18.92. 

5 

Example 13 

2,6,7-Trimethyl- 1 -[5-(phenylthio)pentyl]- 1 tf-imidazo[4,5 -c]pyridin-4-amine 




10 Part A 

Benzenethiol (2.42 mL, 23.6 mmol) was added dropwise to a suspension of sodium 
hydride (0.944 g of 60%, 23.6 mmol) in anhydrous N,N-dimethylformamide (50 mL) and 
stirred until a clear solution was obtained. A solution of l-(5-chloropentyl)-2,6,7- 
trimethyl-4-phenoxy-li^-imidazo[4 5 5-c]pyridine (6.5 g, 18.2 mmol) in anhydrous N,N- 
15 dimethylformamide (50 mL) was added dropwise. The reaction mixture was stirred at 

ambient temperature for 2 hours, then it was quenched with water and extracted with ethyl 
acetate (300 mL). The extract was washed with water (5 x 75 mL), dried over magnesium 
sulfate and then concentrated under reduced pressure to provide 7.20 g of 2,6,7-trimethyl- 
4-phenoxy-l-[5-(phenyltMo)pentyl]4//-imidazo[4,5-c]pyridine. 

20 PartB 

Ammonium acetate (25 g) and 2,6,7-trimethyl-4-phenoxy-l-[5- 
(phenylthio)pentyl]-l//-imidazo[4,5-c]pyridine (2.50 g, 5.80 mmol) were combined and 
heated at 160°C in a sealed tube for 2 days. The reaction mixture was cooled to ambient 
temperature and diluted with water (1 00 mL). Sodium hydroxide (15%) was added and 
25 the mixture was extracted with chloroform (2x150 mL). The combined extracts were 
dried over magnesium sulfate and then concentrated under reduced pressure. The residue 
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was purified by column chromatography (silica gel eluting with 2% methanol in 
chloroform) followed by recrystallization from methanol/dichloromethane/hexanes to 
provide 2,6 J-trimethyl-H5-(phenyltW^ as an 

off white powder, m.p. 181-183°C. 
5 Analysis: Calculated for C20H26N4S: %C, 67.76; %H, 7.39; %N, 15.8; Found: %C, 67.41; 
%H, 7.53; %N, 15.54. 

Example 14 

l-[2-(2-Aminoethoxy)ethyl]-2,6,74^ 

NH 0 



Under a nitrogen atmosphere, a solution of 2-(2-aminoethoxy)ethanol (27.8 mL, 
277 mmol) in tetrahydrofuran (180 mL) was cooled to 0°C. Sodium hydroxide (140 mL 

15 of 2N) was added. A solution of di-ter/-butyl dicarbonate (60.27 g, 277 mmol) in 

tetrahydrofuran (180 mL) was added dropwise over a period of 1 hour with rapid stirring. 
The reaction was allowed to warm to ambient temperature and stir overnight. The 
tetrahydrofuran was removed under reduced pressure. The pH of the resulting slurry was 
adjusted to -3 by adding sulfuric acid (150 mL of 1M). The mixture was extracted with 

20 ethyl acetate (6 x 100 mL). The combined extracts were washed with water (2 x 100 mL) 
and brine (1 x 100 mL), dried over magnesium sulfate and then concentrated under 
reduced pressure to provide 48.53 g of tert-butyl 2-(2-hydroxyethoxy)ethylcarbamate as a 
colorless oil. 
PartB 

25 Under a nitrogen atmosphere, a solution of tert-butyl 2-(2- 

hydroxyethoxy)ethylcarbamate (48.53 g, 236 mmol) in anhydrous dichloromethane (1 L) 
was cooled to 0°C. Triethylamine (49.4 mL, 354 mmol)) was added. Methanesulfonyl 



10 




Part A 
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chloride (20.10 mL, 260 mmol) was added dropwise over a period of 10 minutes. The 
reaction was allowed to warm to ambient temperature and stir overnight. The reaction was 
quenched with saturated sodium bicarbonate solution (500 mL). The organic layer was 
washed with water (3 x 500 mL) and brine (1 x 500 mL), dried over sodium sulfate and 
5 then concentrated under reduced pressure to provide 66.9 g of 2- {2-[(tert- 
butoxycarbonyl)amino]ethoxy} ethyl methanesulfonate as a brown oil. 
PartC 

Sodium azide (16.8 g, 259 mmol) was added to a solution of 2-{2-[(tert- 
butoxycarbonyl)amino]ethoxy}ethyl methanesulfonate (66.9 g, 236 mmol) inN,N- 

10 dimethylformamide (400 mL). The reaction was heated at 90°C for 1.5 hours. The 

reaction mixture was allowed to cool to ambient temperature, diluted with cold water (500 
mL) and then extracted with diethyl ether (4 x 300 mL). The combined extracts were 
washed with water (4 x 100 mL) and brine (1 x 200 mL), dried over magnesium sulfate 
and then concentrated under reduced pressure to provide 52 g of tert-butyl 2-(2- 

1 5 azidoethoxy)ethylcarbamate. 
PartD 

■ 

A solution of tert-butyl 2-(2-azidoethoxy)ethylcarbamate (52 g, 226 mmol) in 
methanol (500 mL) was added to a Parr vessel containing 10% palladium on carbon (4 g) 
which had been wetted with toluene (30 mL). The mixture was placed under hydrogen 

20 pressure (30 psi; 2.0 X 10 5 Pa). After 18.5 hours analysis by thin layer chromatography 
indicated that the reaction was not complete. Catalyst (0.5 g) was added and the 
hydrogenation was continued for an additional 4 hours. The reaction mixture was filtered 
through a layer of Celite® filter aid and a glass wool filter pad. The filter cake was rinsed 
with a mixture of isopropanol and methanol. The filtrate was concentrated under reduced 

25 pressure to provide tert-butyl 2-(2-aminoethoxy)ethylcarbamate. 
PartE 

A mixture of 2,4-dihydroxy-5,6-dimethyl-3-nitropyridine (245 g, 1.33 mol) and 
phosphorous oxychloride (2.2 L) was heated at 85°C overnight. The bulk of the 
phosphorous oxychloride (1.75 L) was removed under reduced pressure to provide a black 
30 oil. The oil was poured into water (2.5 L) and the mixture was cooled in an ice bath to 
5°C. The resulting tan precipitate was isolated by filtration, dissolved in dichloromethane 
(-3 L) and filtered to remove some black solids. The filtrate was washed with 10% 
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sodium carbonate and brine, dried over magnesium sulfate and then concentrated under 
reduced pressure to provide 272 g of a light tan solid. This solid was recrystallized from 
heptane (2.5 mL/g) to provide 248 g of 2,4-dicUoro-5,6-dimethyl-3-nitropyridine as large 
amber rods. 
PartF 

Under a nitrogen atmosphere, a solution of terr-butyl 2-(2- 
aminoethoxy)ethylcarbamate (23.1 g, 1 13 mmol) in N,N-dimethylformamide (100 mL) 
was added over a 1 hour period to a solution of 2,4-dichloro-5 3 6-dimethyl-3-nitropyridine 
(25.02 g, 113 mmol) in N,N-dimethylformamide (400 mL) containing triethylamine (24 
mL, 175 mmol). The reaction mixture was allowed to stir at ambient temperature 
overnight. The N,N-dimethylformamide was removed under reduced pressure. The 
residue was dissolved in ethyl acetate (500 mL), washed with water (3 x 100 ml), dried 
over magnesium sulfate, and then concentrated under reduced pressure. The residue was 
purified by column chromatography (450 g of silica gel eluting sequentially with 3/1 
hexanes/ethyl acetate (1.2 L), 2/1 hexanes/ethyl acetate (1.2 L), and 1/1 hexanes/ethyl 
acetate (1 L)) to provide 20.67 g of ter/-butyl 2-{2-[(2-chloro-5,6-dimethyl-3-nitropyridin- 
4-yl)amino]ethoxy} ethylcarbamate. 
PartG 

Phenol (5.33 g, 56.63 mmol) was added in small portions over a period of 10 
minutes to a chilled (0°) suspension of sodium hydride (2.39 g of 60%, 59.75 mmol) in 
anhydrous tetrahydrofuran (100 mL). After the addition was complete, the reaction was 
allowed to stir at 0° for 30 minutes. A solution tert-butyl 2-{2-[(2-chloro-5,6-dimethyl-3- 
nitropyridin-4-yl)amino]ethoxy}ethylcarbamate (20.67 g, 53.16 mmol) in tetrahydrofuran 
(100 mL) was added over a period of 1 hour while maintaining the temperature at 0°C. 
The ice bath was removed and the reaction mixture was heated to reflux. At 46 and 52 
hours additional fresh sodium phenoxide (1 1 .3 mmol) was added. Refluxing was 
continued for 2 hours after the second addition. The reaction mixture was diluted with 
ethyl acetate (500 mL); washed sequentially with water (3 x 100 mL), IN sodium 
hydroxide (2 x 100 mL), and brine; dried over magnesium sulfate and then concentrated 
under reduced pressure. The residue was purified by column chromatography (450 g of 
silica gel eluting with 1/1 hexanes/ethyl acetate) to provide 19.85 g of tert-butyl 2-{2- 
[(2,3-dimethyl-5-nitro-6-phenoxyp>Tidin-4-yl)amino]ethoxy}ethylcarbamate. 
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PartH 

A solution of of tert-butyl 2-{2-[(2 s 3-dimethyl-5-rutro-6-phenoxypyridin-4- 
yl)amino]ethoxy}ethylcarbamate (15.34 g, 34.35 mmol) in absolute ethanol (500 mL) was 
combined with 5% platinum on carbon (12.02 g) in a Parr vessel and placed under 
5 hydrogen pressure overnight. The reaction mixture was filtered through a layer of Celite® 
filter aid. The filtrate was concentrated under reduced pressure. The resulting residue was 
purified by column chromatography (250 g of silica gel eluting with 1/1 ethyl 
acetate/hexanes) to provide 1 1.21 g of terf-butyl 2-{2-[(3-amino-5,6-dimethyl-2- 
phenoxypyridin-4-yl)amino]ethoxy}ethylcarbamate. 
10 Parti 

Trimethyl orthoacetate (3.55 mL, 28.27 mmol), tert-butyl 2-{2-[(3-amino-5,6- 
dimethyl-2-phenoxypyridin-4-yl)amino]ethoxy}ethylcarbamate (11.21 g, 26.92 mmol), 
pyridine hydrochloride (1.12 g) and toluene (120 mL) were combined and heated at reflux 
for 2.5 hours. The reaction mixture was concentrated under reduced pressure. The residue 
15 was dissolved in ethyl acetate (300 mL), washed with water (3 x 100 mL) and brine (1 x 
100 mL), dried over magnesium sulfate and then concentrated under reduced pressure to 
provide 9.85 g of tert-butyl 2-[2-(2,6,7-trimethyl-4-phenoxy-li/4midazo[4,5-c]pyridin-l-- 
yl)ethoxy] ethylcarbamate. 
Part J 

20 A mixture of ammonium acetate (100 g) and tert-butyl 2-[2-(2,6,7»trimethyl-4- 

phenoxy-l//-imidazo[4,5-c]pyridin-l-yl)ethoxy]ethylcarbamate (9.85 g) was heated at 
160°C for 18.5 hours. The reaction mixture was diluted with water (100 mL), made basic 
(pH 13) with 15% sodium hydroxide (160 mL), saturated with sodium chloride and then 
extracted with chloroform (9 x 100 mL). The combined extracts were dried over 

25 magnesium sulfate and then concentrated under reduced pressure. Analysis by high 
performance liquid chromatography and NMR showed that the residue contained about 
13%ofN-{2-[2,6,7-trimethyl-4-phenxo 

yl)ethoxy]ethyl}acetamide. The residue was combined with ammonium acetate (71 g) in a 
pressure vessel and heated at 160°C for 20 hours. The reaction was worked up as before. 
30 Residual ammonium acetate was removed by sublimation (high vacuum at 35°C) to 
provide 7.36 g of N- {2-[4-amino-2,6,7-trimethyl4//4midazo[4,5-c]pyridin-l-- 
yl)ethoxy]ethyl} acetamide. 
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PartK 

N- {2-[4-amino-2,6,7-trimethyl- l#-imidazo [4,5-c]pyridin- 1 - 
yl)ethoxy]ethyl}acetamide (7.36 g), concentrated hydrochloric acid (45 mL) and absolute 
ethanol (100 mL) were combined and heated at 90°C. After 26.5 hours additional 
5 concentrated hydrochloric acid (2 mL) was added. The reaction was stopped after 29 
hours and concentrated under reduced pressure. In order to remove excess hydrochloric 
acid, the residue was twice diluted with ethanol (100 mL) and concentrated under reduced 
pressure. The residue was dissolved in water (100 mL) and washed with chloroform (3 x 
50 mL). The aqueous layer was adjusted to pH >12 with 15% sodium hydroxide, 

10 saturated with solid sodium chloride and then extracted with chloroform (9 x 100 mL). 
The combined extracts were dried over magnesium sulfate and then concentrated under 
reduced pressure. The residue was purified by column chromatography (100 g of silica 
gel eluting with 4% methanol in chloroform containing 1% triethylamine) to provide 4.18 
g of l-[2-(2-ammoethoxy)e%l]-2,6,7^ as a 

15 white powder, m.p. 130-133°C. 

Analysis: Calculated for C13H21N5O • 0.03 HC1: %C, 59.05; %H, 8.01; %N, 26.48; Found: 
%C, 58.70; %H, 7.99; %N, 26.37. 

*H NMR (300 MHz, CDC1 3 ) 8 4.79 (s, 2 H), 4.43 (t, J = 5.6 Hz, 2 H), 3.75 (t, J = 5.3 Hz, 2 
H), 3.38 (t, J = 5.3 Hz, 2 H), 2.78 (t, J = 5.3 Hz, 2 H), 2.59 (s, 3 H), 2.43 (d, J = 6.9 Hz, 6 
20 H), 1 .07 (bs, 2 H); 

MS(CI) m/e 264 (M+H) 
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Example 1 5 
N- {2-[2K4-Amino-2,6,7-trim^ 

yl)ethoxy] ethyl} morpholine-4-carboxamide 




Under a nitrogen atmosphere, 4-morpholinecarbonyl chloride (370 \iL) was added 
to a solution of l-[2-(2-aminoethoxy)ethyl]-2,6,7-t^ 

amine (0.757 g) in chloroform (1 1 mL) and triethylamine (520 |iL). The reaction mixture 
was stirred at ambient temperature for about 3 hours; then it was diluted with chloroform 
(20 mL) and washed with saturated sodium bicarbonate solution. The organic layer was 
dried over magnesium sulfate and concentrated under reduced pressure. The crude 
product was recrystallized from acetonitrile and dried in a vacuum oven at 60°C for 24 
hours to provide 0.7014 g of jV^{2-[2<4-amino-2,6,7-trimethyM#^ 
l-yl)ethoxy]ethyl}morpholine-4-carboxamide as a white powder, m.p. 205-207°C. 
Analysis: Calculated for Ci 8 H 28 N 6 03 • 0.05 HC1: %C, 57.15; %H, 7.47; %N, 22.22; 
Found: %C, 56.75; %H, 7.47; %N, 21.98. 

*H NMR (300 MHz, CDC1 3 ) 8 4.80 (s, 2 H), 4.45 (t, J = 5.3 Hz, 2 H), 4.30 (s, 1 H), 3.75 (t, 
J = 4.9 Hz, 2 H), 3.62 (t, J = 4.9 Hz, 4 H), 3.44 (t, J = 4.7 Hz, 2 H), 3.34 (m, 2 H), 3.09 (t, J 
= 4.7 Hz, 4 H), 2.57 (s, 3 H), 2.43 (d, J = 3.1 Hz, 6 H); 
MS(CI) m/e 377 (M+H) 
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Example 16 

N- {2- [2-(4- Amino-2,6,7-trimethyl- l#-imidazo[4,5-c]pyridin- 1 -yl)ethoxy]ethyl} -2- 

methylpropanamide 



Under a nitrogen atmosphere, isobutyryl chloride (330 )llL, 3.15 mmol) was added 
to a solution of l-[2-(2-aminoethoxy)ethyl]-2,6 J-trimethyl-l^-imidazo[4,5-c]pyridin-4- 
amine (0.757 g, 2.875 mmol) in chloroform (1 1 mL) and triethylamine (520 \iL, 3.78 
mmol). The reaction mixture was stirred at ambient temperature for about 3 hours; then it 
was diluted with chloroform (20 mL) and washed with saturated sodium bicarbonate 
solution. The organic layer was dried over magnesium sulfate and concentrated under 
reduced pressure. The residue was purified by column chromatography (10 g of silica gel 
eluting with 2% methanol in chloroform containing 0.5% triethylamine) to provide 0.3486 
gofAq2-[2-(4-amino-2,6,7-trimefo^^^ 



methylpropanamide as a solid, m.p. 179.5-182°C. 

Analysis: Calculated for CnE^NsC^ • 0.06 HC1: %C, 60.84; %H, 8.13; %N, 20.87; 
Found: %C, 60.67; %H, 7.89; %N, 20.57. 

'H NMR (300 MHz, CDC1 3 ) 8 5.23 (bs, 1 H), 4.93 (bs, 2 H), 4.44 (t, J = 5.3 Hz, 2 H), 3.74 
(t, J = 5.6 Hz, 2 H), 3.42 (t, J = 5.3 Hz, 2 H), 3.32 (m, 2 H), 2.58 (s, 3 H), 2.44 (d, J = 8.1 
Hz, 6 H), 2.15 (quintet, J = 6.7 Hz, 1 H), 1.04 (d, J = 6.8 Hz, 6 H); 
MS(CI) m/e 334 (M+H). 

In the examples below the compounds were purified either by preparative high 
performance liquid chromatography (Method A) or by flash chromatography (Method B). 

In Method A the compounds were purified by preparative high performance liquid 
chromatography using a Waters Fraction Lynx automated purification system. The prep 




NH 
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HPLC fractions were analyzed using a Micromass LC-TOFMS and the appropriate 
fractions were combined and centrifuge evaporated to provide the trifluoroacetate salt of 
the desired compound. Column: Phenomenex Luna C18(2), 21.2 x 50 mm, 10 micron 
particle size, 100A pore; flow rate: 25 mL/min.; non-linear gradient elution from 5-95% B 
5 in 12 min, then hold at 95% B for 2 min., where A is 0.05% trifluoroacetic acid/water and 
B is 0.05% trifluoroactic acid/acetonitrile; fraction collection by mass-selective triggering. 

In Method B the compounds were purified by flash chromatography using a 4 g 
silica gel cartridge (RediSep, ISCO, 230-400 mesh, 6.25 cm x 1.27 cm diameter) attached 
to a gradient pump system, 254 nm UV detector and fraction collector (ISCO CombiFlash 

10 SglOOc system). The column was equilibrated with dichloromethane and the reaction 
mixture was injected onto the column. The mixture was eluted at 30 mL/minute, with a 
gradient program consisting of 100% dichloromethane for 12 seconds, a linear gradient to 
10 % methanol/dichloromethane over 1 minute and holding at 10% 
methanol/dichloromethane to elute the desired compound. Fractions were examined by 

1 5 thin layer chromatography and those containing the desired compound were pooled and 
evaporated. In cases where the reaction mixture was a suspension, the mixture was treated 
with —125 mg of tris-(aminoethyl)amine polystyrene (Argonaut PS-Trisamine, 3.85 
meq/g), shaken for several minutes and then filtered prior to injection into the column. 

20 Examples 17-32 

The compounds in the table below were prepared using the following method. The 
appropriate acid chloride (1.1 eq.) was added to a test tube containing a solution of l-[2- 
(2-aminoethoxy)ethyl]-2,6,7-tii^ (25 mg) in 

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at 

25 ambient temperature overnight (-1 8 hours). The solvent was removed by vacuum 

centrifugation. The table below shows the structure of the free base (compounds purified 
by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the 
purification method that was used for that particular compound. 
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NH 2 1 

A JL / 

O 


Example 
Number 




Accurate Mass 
(observed) 


JL Ui. ULLl/ClllUll 

Method 


17 


butyl 


348.2391 


— , 

B 


18 


phenyl 


368.2095 


B 


19 


cyclohexyl 


374.2520 


B 


20 


benzyl 


382.2239 


B 


21 


4-fluor6phenyl 


386.1984 


B 


22 


2-thienylmethyl 


388.1808 


B 


23 


4-cyanophenyl 


393.2031 


B 


24 


3-cyanophenyl 


393.2025 


B 


25 


2-phenylethyl 


396.2413 


B 


26 


3-methoxyphenyl 


398.2194 


B 


27 


4-methoxyphenyl 


398.2173 


B 


28 


2~chloro-5-pyridyl 


403.1654 


B 


29 


benzyloxymethyl 


412.2364 


B 


30 


2-naphthyl 


418.2225 


B 


31 


3-trifluoromethylphenyl 


436.1938 


B 


32 


4-trifluoromethoxyphenyl 


452.1924 


B 
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Example 33 

(1^2£>7H2-[2^4-A^ 

yl)ethoxy] ethyl} -2-phenylcyclopropanecarboxamide 




O 



j 

Using the method of Examples 17-32, trans-2-phenylcyclopropylcarbonyl 
chloride was reacted with H2-(2-aminoethoxy)ethyl]-2,6,7-trimefo^^ 
c]pyridin-4-amine to provide the desired compound. The product was purified using 
Method B. The observed accurate mass was 408.2392. 

Examples 34 - 50 

The compounds in the table below were prepared using the following method. The 
appropriate sulfonyl chloride (1.1 eq.) was added to a test tube containing a solution of 1- 
[2-(2-aminoethoxy)ethyl]-2,6 J-trimethyl4i/-imidazo[4 5 5-c]pyridin-4-amine (25 mg) in 
chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at 
ambient temperature overnight (-18 hours). The solvent was removed by vacuum 
centrifugation. The table below shows the structure of the free base (compounds purified 
by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the 
purification method that was used for that particular compound. 
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NH 2 

VH 
N 

o-s 

Ra 

• 


Example 
Number 


Ra 


Accurate Mass 
(observed) 


Purification 
Method 


34 


ethyl 


356.1729 


A 


35 


1-methylethyl 


370.1901 


A 


36 


butyl 


384.2092 


A 


37 


phenyl 


404.1767 


B 


38 


2-thienyl 


410.1327 


B 


39 


benzyl 


418.1900 


A 


40 


3-fluorophenyl 


422.1646 


B 


41 


4-cyanophenyl 


429.1709 


B 


42 


3-cyanophenyl 


429.1704 


B 


43 


4-methoxyphenyl 


434.1857 


B 


44 


2,4-difluorophenyl 


440.1559 


B 


45 


1 -naphthyl 


454.1910 


B 


46 


2-naphthyl 


454.1916 


B 


47 


4-trifluoromethylphenyl 


472.1639 


A 


48 


4-biphenyl 


480.2050 


A 


49 


4-methylsulfonylphenyl 


482.1506 


A 


50 


4-trifluoromethoxyphenyl 


488.1624 


A 



174 



WO 03/103584 



PCT7US03/17659 



Example 5 1 



AM2-[2-(4-Amino-2,6J-trime^ 



Using the method of Examples 34 - 50, dimethylsulfamoyl chloride was reacted 
with l-[2-(2-aminoethoxy)e^ to 
provide the desired compound. The product was purified using Method A. The observed 
accurate mass was 371.1861. 

Example 52 

N- {2-[2-(4-Ammo : 2,6/7-tri^ 

dimethyl-2-oxo-bicyclo[2.2. 1 ]hept- 1 -yl)methanesulfonamide 



Using the method of Examples 34-50, D-(+)-10-camphorsulfonyl chloride was 
reacted with l-[2-(2-annnoethoxy)e&yl]-2,6J-tri^ 



dimethylsulfamide 




NH 
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amine to provide the desired compound. The product was purified using Method A. The 
observed accurate mass was 478.2455. 

Example 53 

5 N- {2-[2-(4-Amino-2,6 J-trimethyl- li/-imidazo[4,5-c]pyridin- 1 -yl)ethoxy] ethyl} -4- {[4- 

(dimethylamino)phenyl]diazenyl}benzenesulfonamide 



Using the method of Examples 34 - 50, 4-dimethylaminoazobenzene-4'-sulfonyl 
1 0 chloride was reacted with 1 -[2-(2-aminoethoxy)ethyl]-2,6 ,7-trimethyl- l#-imidazo[4,5- 
c]pyridin-4-amine to provide the desired compound. The product was purified using 
Method A. The observed accurate mass was 55 1 .255 1 . 



1 5 The compounds in the table below were prepared using the following method. The 

appropriate isocyanate (1.1 eq.) was added to a test tube containing a solution of l-[2-(2- 
aminoethoxy)ethyl]-2,6,7-trime%^ (25 mg) in 

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at 
ambient temperature overnight (-18 hours). The solvent was removed by vacuum 

20 centrifiigation. The table below shows the structure of the free base (compounds purified 




Examples 54 - 68 
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by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the 
purification method that was used for that particular compound. 



NH 2 1 

° \ 


Ml lTUn pi* 


p 

■tvi 


Accurate Mass 
(observed) 


Purification 
Method j 


54 


1-methylethyl ' 


349.2360 


B 


55 


1,1-dimethylethyl 


363.2506 


B 


56 


butyl 


363.2511 


B 


57 


phenyl 


383.2200 


B 


58 


cyclohexyl 


389.2638 


A 


59 


ethoxycarbonylmethyl 


393.2236 


A 


60 


3-cyanophenyl 


408.2141 


A 


61 


3-methoxyphenyl 


413.2319 


A 


62 


3-acetylphenyl 


425.2293 


A 


63 


4-(dimethylamino)phenyl 


426.2644 


A 


64 


3-(methylthio)phenyl 


429.2057 


A 


65 


2,4-dimethoxyphenyl 


443.2390 


A 


66 


phenylsulfonyl 


447.1819 


A 


67 


4-methylphenylsulfonyl 


461.1969 


A 


68 


2-chlorophenylsulfonyl 


481.1418 


A 
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Example 69 

{2-[2-(4-Ammo-2,^ 

yl)ethoxy]ethyl}morpholine-4-carboxamide 




NH 



N 

s 

O 




Using the method of Examples 54 - 68, 4-morpholinecarbonyl chloride was 
reacted with l-[2-(2-aminoethoxy)ethyl]-2,6J-^ 

amine to provide the desired compound. The product was purified using Method A. The 
observed accurate mass was 377.2295. 

Example 70 

N- {2-[2<4-Amino-2,6,7-1rimethyl4i/-imidazo[4,5-c]pyridin- 1 -yl)ethoxy] ethyl} -N 1 - 

[(liJ^^iS^^-phenylcyclopropyllurea 



Using the method of Examples 54 - 68, trans-2-phenylcyclopropyl isocyanate was 
reacted with H2-(2-aminoethoxy)ethyl]-2,6,7-trm 




NH 
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amine to provide the desired compound. The product was purified using Method A. The 
observed accurate mass was 423.2508. 

Example 71 

5 7^{2-[2-(4-Ammo-2,6J-1rm 

methyl-N-phenylurea 




Using the method of Examples 54 - 68, N-methyl-N-phenylcarbamoyl chloride 
1 0 was reacted with 1 -[2-(2-aminoethoxy)ethyl]-2 5 6 J-trimethyl-l//--iinidazo[4 > 5-c]pyridin--4- 
amine to provide the desired compound. The product was purified using Method A. The 
observed accurate mass was 397.2343. 

Examples 72 - 76 

15 The compounds in the table below were prepared using the following method. The 

appropriate isothiocyanate (1.1 eq.) was added to a test tube containing a solution of l-[2- 
(2-aminoethoxy)ethyl]-2,6,7-trimethyl-l^ (25 mg) in 

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at 
ambient temperature overnight (-18 hours). The solvent was removed by vacuum 

20 centrifugation. The table below shows the structure of the free base (compounds purified 
by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the 
purification method that was used for that particular compound. 
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NH 2 




















' s 












N 

\ H 

</ H 




Example 






Accurate Mass 


Purification 


Number 






(observed) 


Method 


72 


3-(dimethyiamino)propyl 


436.2851 


A 


73 


phenyl 


399.1946 


A 


74 


2-fiiroyl 


417.1715 


A 


75 


2-phenylethyl 


427.2289 


A 


76 


4-methoxyphenyl 


429.2057 


A 



Example 77 

N- {2-[2-(4-Amino-2,6 ,7-trimethyl-l^imidazo[4,5-c]pyridin-l - 

yl)ethoxy] ethyl} methanesulfonamide 




Under a nitrogen atmosphere, methane sulfonic anhydride (550 mg) was added to a 
solution of 1 -[2-(2-aminoethoxy)ethyl]-2,6 J-trime%14^-imidazo[4,5-c]pyridin-4-amine 
(757 mg, 2.875 mmol), triethylamine (520 ^iL) and chloroform (1 1 mL). The reaction 
mixture was allowed to stir at ambient temperature for about 3 hours. The reaction 
mixture was diluted with chloroform (20 mL) and washed with saturated sodium 
bicarbonate solution (10 mL). The organic layer was dried over magnesium sulfate and 
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then concentrated under reduced pressure to provide crude product as a light yellow oil. 
The oil was purified by column chromatography (10 g of silica gel eluting with 2% 
methanol in chloroform containing 0.5 % triethylamine). The fractions containing 
product were combined and concentrated under reduced pressure. The residue was 
5 purified using Method A described above to provide 0.2753 g ofN- {2-[2-(4-amino-2 3 6,7- 
trimethyM/f-iirudazo[4^ 



Example 78 

l-[5-(Methanesulfonyl)pentyl>^ 




3-Chloroperoxybenzoic acid, available as an approximately 75% pure mixture 
(mCPBA), (2.727 g 5 15.80 mmol) was slowly added to a solution of 2,6,7-trimethyl-l-[5- 
(methylthio)pentyl]4i/-imidazo[4,5-c]pyridin-4-amine (1.442 g, 4.938 mmol), described 
in Example 12, in dichloromethane (60 mL), and the reaction was stirred for three hours. 

15 The volatiles were removed under reduced pressure, and the residue was dissolved in 
dichloromethane (100 mL). The solution was washed with 10% aqueous sodium 
hydroxide (2 x 100 mL), dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure. The product was recrystallized first from a mixture of dichloromethane, 
hexanes, and ethanol and secondly from a mixture of methanol, ethyl acetate, and hexanes 

20 to provide 0.738 g of l-[5-(methanesulfonyl)pentyl]-2,6,7-trimethyl-l//-imidazo[4,5- 
c]pyridin-4-amine as a solid, m. p. 199-200 °C. Analysis: Calculated for C15H24N4O2S: 
%C, 55.53; %H, 7.45; %N, 17.27; %S 9.88. Found: %C, 55.17; %H, 7.67; %N, 16.99; 
%S 9.75. 



181 



WO 03/103584 



PCT/US03/17659 



Example 79 

1 -[5-(BenzenesuIfonyl)pentyl]-2,6,7-triniethyl- l//-imidazo[4 5 5-c]pyridin-4-amine 

NHL 



exceptions. rnCPBA (2.01 g, 1 1.65 mmol) was added to a solution of 2,6,7-trimethyl-l- 
[5-(phenylthio)pentyl]4^-imidazo[4,5-c]pyridin-4-ainine (1.32 g, 3.72 mmol), described 
in Example 13, in dichloromethane (100 mL). The crude product (1.45 g) was purified by 
column chromatography on silica gel (eluting sequentially with 99:1 
dichloromethanermethanol and 95:5 dichloromethane:methanol) to provide 0.245 g of 1- 
[5-(benzenesulfonyl)pen^ as a so \{^ 

m. p. 166-167 °C. Analysis: Calculated for C20H26N4O2S: %C, 62.15; %H, 6.78; °/ 0 N, 
14.05; %S 8.30. Found: %C, 61.83; %H, 6.69; %N, 14.39; %S, 7.98. 




The reaction was carried out as described in Example 78 with the following 
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Example 80 

l-[2-(Benzyloxy)ethyl]-2-^ 

NH 0 



amine (61.0 g, 1.00 mol) in tetrahydrofuran (500 mL). The temperature of the reaction 
was maintained at 25 °C using a water bath. A solution of di-tert-butyl dicarbonate (218 
g, 1.00 mol) in tetrahydrofuran (500 mL) was added dropwise over a period of one hour 
with rapid stirring, and a white precipitate formed. The reaction was stirred for 17 hours, 

10 and the tetrahydrofuran was removed under reduced pressure. The pH of the resulting 
slurry was adjusted to ~2 by adding sulfuric acid (550 mL of 1M), and the resulting clear 
solution was extracted with ethyl acetate (3 x 500 mL). The combined extracts were 
washed thrice with water and twice with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide 142.2 g of tert-butyl 2- 

1 5 hydroxyethylcarbamate as a colorless oil. 



Benzyltrimethylammonium chloride (4.61 g, 24.8 mmol) was added to a mixture 
of te/-M)utyl 2-hydroxyethylcarbamate (40.0 g, 248 mmol), dichloromethane (600 mL), 
and 50% aqueous sodium hydroxide (400 mL). Benzyl bromide (29.5 mL, 248 mmol) 

20 was then added, and the reaction was stirred for three hours. Ice water was added (1 L), 
and the aqueous solution was extracted with chloroform (5 x). The combined organic 
solutions were washed with water (2 x) and brine (3 x), dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. Upon concentration, a white precipitate 
formed, and the organic solution was washed again with water (3 x 100 mL). The 

25 combined washings were extracted with chloroform (3 x 50 mL). The combined organic 
solutions were washed with brine (3 x 50 mL), dried over magnesium sulfate, filtered, and 




Part A 



Aqueous sodium hydroxide (510 mL of 2 M) was added to a solution of ethanol 



PartB 
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concentrated under reduced pressure to provide 59.1 g of tert-butyl 2- 

(benzyloxy)ethylcarbamate as a colorless oil. 

PartC 

A solution of 7% hydrochloric acid in ethanol (245 g of -1 .6 M) was added to tert- 
5 butyl 2-(benzyloxy)ethylcarbamate (59. 1 g, 235 mmol), and the solution was stirred at 
room temperature for 17 hours. The volatiles were removed under reduced pressure to 
provide 52.1 g of a white solid, which was recrystallized from ethyl acetate (650 mL) and 
a small amount of methanol. The crystals were isolated by filtration and dried for three 
days at 78 °C and 39.9 Pa to provide 32.2 g of 2-(benzyloxy)ethylamine hydrochloride as 
10 a white solid. 
PartD 

Under a nitrogen atmosphere, triethylamine (40.4 mL, 290 mmol) was added to a 
solution of 2,4-dichloro-6-methyl-3-nitropyridine (12.0 g, 58.0 mmol), prepared according 
to the general method of Part A of Example 1 using 2,4-dihydroxy-6-methyl-3- 

1 5 nitropyridine in lieu of 2,4-dihydroxy-5,6-dimethyl-3-nitropyridine, in anhydrous N,N- 
dimethylformamide (DMF) (200 mL). To the resulting dark brown solution was added 2- 
(benzyloxy)ethylamine hydrochloride (11.97 g, 63.76 mmol), and the mixture was stirred 
at room temperature for 23 hours. The volatiles were then removed under reduced 
pressure, and the residue was mixed with water and ethyl acetate. The organic layer was 

20 washed with water (3 x 200 mL), aqueous sodium bicarbonate (2 x 200 mL), and brine (3 
x 250 mL), dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure to provide a brown oil. The crude product (18.1 g) was purified by column 
chromatography on silica gel (700 g, eluting with 80:20 hexanerethyl acetate) to provide 
an oil which was triturated with 80:20 hexane:ethyl acetate. The resulting crystals were 

25 isolated by filtration and dried to provide 4.7 g of [2-(benzyloxy)ethyl]-(2-chloro-6- 
methyl-3-nitropyridin-4-yl)amine as a yellow solid. 
PartE 

Under a nitrogen atmosphere, diglyme (20 mL) was added to sodium hydride 
(0.548 g, 13.7 mmol), which is available as a 60% dispersion in mineral oil, and the 
30 mixture was cooled to 0 °C. A solution of phenol (1.35 g, 14.4 mmol) in diglyme (20 mL) 
was added, and the addition flask was rinsed with additional diglyme (2x5 mL), which 
was added to the reaction flask. The reaction became homogeneous and was stirred for 30 
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minutes. Solid [2-(benzyloxy)ethyl]-(2-chloro-6-me%^ (4.2 g, 

13 mmol) was added, and the resulting dark solution was heated at 60 °C for 90 minutes. 
The reaction was allowed to cool and then slowly poured into water (500 mL) and stirred 
rapidly for 90 minutes. A yellow solid formed, which was isolated by filtration and 
5 dissolved in ethyl acetate. The solution was then dried over magnesium sulfate, filtered, 
and concentrated under reduced pressure to provide a yellow oil, which began to 
crystallize over three days. The product was triturated with hexane, and the resulting solid 
was isolated by filtration and dried for two hours under high vacuum at 55 °C to provide 

4.44 g of [2-(benzyloxy)ethyl]-(6-methyl-3-nitro-2-phenoxy-pyridin-4-yl)amine as a 
10 yellow solid. 
PartF 

Under a nitrogen purge, 5% platinum on carbon (1 .0 g) and toluene (20 mL) were 
added to a Parr vessel. [2-(Benzyloxy)ethyl] (6-methyl-3-nitro-2-phenoxy-pyridin-4- 
yl)amine (4.91 g, 12.9 mmol) and additional toluene (40 mL) were then added. The vessel 
1 5 was placed under hydrogen pressure (49 psi, 3.3 x 1 0 5 Pa) for three hours. The reaction 
mixture was filtered through a layer of CELITE filter aid, and the filtrate was concentrated 
under reduced pressure to yield 4.9 g of A^-[2-(benzyloxy)ethyl]-6-methyl-2- 
phenoxypyridine-3,4-diamine as a milky oil, contaminated with a small amount of toluene. 
PartG 

20 Under a nitrogen atmosphere, a solution of A^-[2-(benzyloxy)ethyl]-6-methyl-2- 

phenoxypyridine-3,4-diamine (3.80 g, 10.9 mmol), anhydrous dichloromethane (75 mL), 
and anhydrous triethylamine (1.8 mL, 13 mmol) was cooled to 5 °C. Ethoxyacetyl 
chloride (1.40 g, 1 1.4 mmol) was then added over a period of 30 seconds, and the reaction 
was stirred for 20 minutes. The reaction mixture was washed with aqueous sodium 

25 bicarbonate (3 x), and the combined aqueous washings were extracted with chloroform (3 
x). The combined organic solutions were dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide a white powder. The powder was dried 
for three days under vacuum at room temperature to provide 4.01 g of N-{4-[2- 
(benzyloxy)ethylamino]-6-methyl-2-pte as a white 

30 solid. 
PartH 
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Under a nitrogen atmosphere, a solution of iV-{4-[2-(benzyloxy)ethylamino]-6- 
methyl-2-phenoxypyridin-3-yl}-2-ethoxyacetamide (3.98 g, 9.13 mmol) and pyridine 
hydrochloride (4.0 g, 35 mmol) in anhydrous pyridine (30 mL) was heated at reflux. After 
22 hours, an analysis by high-performance liquid chromatography (HPLC) indicated the 
5 presence of starting material, and additional pyridine hydrochloride (0.05 g, 0.4 mmol) 
was added. After an additional hour, an HPLC analysis again indicated the presence of 
starting material, and additional pyridine hydrochloride (0.05 g, 0.4 mmol) was added. 
The reaction was heated at reflux for an additional four days and then was allowed to cool 
to room temperature. The volatiles were removed under reduced pressure, and the residue 

1 0 was dissolved in dichloromethane. The resulting solution was washed with water (3 x) 
and brine (3 x), dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to provide 3.7 g of a brown oil. The oil was purified by column chromatography 
on silica gel (eluting with 95:5 dichloromethane: ethyl acetate) to provide 2.5 g of l-[2- 
(benzyloxy)ethyl]-2-(ethoxymethyl)-6-methyl-4-phenoxy- li/-imidazo[4,5-c]pyridine as a 

15 yellow oil. 
Parti 

Ammonium acetate (25 g, 0.32 mol) and l-[2-(benzyloxy)ethyl]-2-(ethoxymethyl)- 
6-methyl-4-phenoxy-li/-imidazo[4,5-c]pyridine (2.5 g, 6.0 mmol) were heated at 150 °C 
in a sealed tube for 22 hours. The resulting solution was adjusted to pH 14 with the 

20 addition of 20% sodium hydroxide, and water (50 mL) was added. The mixture was 
stirred for several hours to provide a yellow precipitate, which was isolated by filtration. 
The precipitate (1.75 g) was recrystallized from a 50:50 mixture of hexane:ethyl acetate 
(29 mL/g), and the crystals were isolated by filtration and dried under vacuum for 23 
hours at 60 °C to provide 1.05 g of l-[2-(benzyloxy)ethyl]-2-(ethoxymethyl)-6-methyl- 

25 l/f-imidazo[4,5-c]pyridin-4-amine as small white crystals, mp. 127-128 °C. 

l H NMR (300 MHz, DMSO) 5 7.24-7.31 (m, 3H), 7.15-7.19 (m, 2H), 6.61 (s, 1H), 6.05 
(s, 2H), 4.67 (s, 2H), 4.44 (s, 2H), 4.35 (t, /= 5.6Hz, 2H), 3.73 (t, J= 5.3 Hz, 2H), 3.46 (q, 
J =6.9 Hz, 2H), 2.29 (s, 3H), 1 .09 (t, J = 7.2 Hz, 3H); 
MS (APCI) m/z 341 (M + H) + ; 

30 Anal. Calcd for C19H24N4O2: C, 67.04; H, 7.1 1; N, 16.46; Found: C, 67.17; H, 7.13; N, 
16.49. 
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Example 81 
2-(Ethoxymethyl)-6-me%l-l-{2-[3-fy 

c]pyridin-4-amine 




5 Part A 

The preparation of terr-butyl 2-hydroxyethylcarbamate is described in Example 80, 
Part A. Benzyltrimethylammonium chloride (1 8 g, 97 mmol) and 50% aqueous sodium 
; hydroxide (1.5 L) were added to a solution of tert-butyl 2-hydroxyethylcarbamate (156.4 
g, 970.0 mmol) in dichloromethane (2.4 L), and the mixture was stirred rapidly. Propargyl 

10 bromide (109 mL, 979 mmol), available as an 80% solution in toluene, was then added, 
and the reaction was stirred for three hours. The layers were separated, and the aqueous 
layer was cooled to -0 °C in an ice bath. Water was slowly added (1 .2 L), and the 
aqueous solution was extracted with chloroform (2 x 300 mL). The combined organic 
solutions were washed with water (3 x 500 mL) and brine (2 x 500 mL), dried over 

15 sodium sulfate, filtered, and concentrated under reduced pressure to provide 173 g of tert- 
butyl 2~(prop-2-ynyloxy)ethylcarbamate as an orange oil, which was used without 
purification. 
PartB 

Under a nitrogen atmosphere, anhydrous triethylamine (45.5 mL, 326 mmol) and 
20 3-bromopyridine (12.9 mL, 138 mmol) were added to a solution of tert-butyl 2-(prop-2- 
ynyloxy)ethylcarbamate (26.0 g, 125 mmol) in anhydrous D1VIF (400 mL), and the 
reaction was heated at 80 °C. Dichlorobis(triphenylphosphine)palladium (II) (1.76 g, 2.51 
mmol) and copper (I) iodide (0.96 g, 5.02 mmol) were then added, and the reaction was 
heated at 80 °C for one hour. The volatiles were removed under reduced pressure, and the 
25 residual black oil was dissolved in ethyl acetate (500 mL). The solution was washed with 
dilute aqueous sodium bicarbonate (1 x 200 mL) and brine (2 x 100 mL), dried over 
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sodium sulfate, filtered, and concentrated under reduced pressure to provide a dark brown 
oil. The oil was purified by column chromatography on silica gel (350 g, eluting with 
50:50 ethyl acetaterhexane), and the resulting dark oil was dissolved in hot methanol (200 
mL) and treated with 10 g of activated charcoal. The mixture was filtered through a layer 
5 of CELITE filter aid, and the filtrate was treated with additional activated charcoal (10 g) 
and filtered in the same way to provide 25.4 g of tert-butyl {2-[3-(pyridin-3-yl)prop-2- 
ynyloxyjethyl} carbamate as a light amber-colored oil. 
PartC 

Under a nitrogen purge, 10% palladium on carbon (5.0 g) and 2-propanol (20 mL) 
10 were added to a pressure vessel. A solution of tert-butyl {2-[3-(pyridin-3-yl)prop-2- 
ynyloxy]ethyl}carbamate (22.7 g, 82.1 mmol) in methanol (200 mL) were then added. 
The vessel was purged three times with nitrogen and then placed under hydrogen pressure 
(50 psi, 3.4 x 10 5 Pa) for five hours. The reaction mixture was filtered through a layer of 
CELITE filter aid, and the filtrate was concentrated under reduced pressure to yield 21 .3 g 
1 5 of tert-butyl {2-[3-(pyridin-3-yl)propoxy]ethyl} carbamate as a brown oil. 
PartD 

A solution of tert-butyl {2-[3-(pyridin-3-yl)prop-2-ynyloxy]ethyl}carbamate (21.3 
g, 76.0 mmol) in methanol (50 mL) was cooled to 6 °C. A solution of 4 M hydrochloric 
acid in dioxane (1 14 mL, 456 mmol) was added over a period often minutes, and the 

20 reaction was stirred for six hours. The volatiles were removed under reduced pressure, 
and the residue was dissolved in water (200 mL). The solution was washed with 
dichloromethane (2 x 100 mL), and then adjusted to pH 14 with the addition of 20% 
aqueous sodium hydroxide (100 mL). The basic solution was then extracted with 
chloroform (5 x 100 mL). The combined extracts were washed with brine (2 x 100 mL), 

25 dried over magnesium sulfate, filtered, and concentrated under reduced pressure to provide 
a dark oil (8.5 g). The basic solution was then extracted with chloroform for six hours 
using a continuous extractor. The extracts were concentrated under reduced pressure to 
provide a yellow oil (1 g). The oils were combined and purified by distillation (108-1 10 

°C at 2.1 x 10 2 Pa) to yield 7.74 g of 2-[3^(pyridin-3-yl)propoxy]ethylamine as a pale 
30 yellow oil. 
PartE 
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Under a nitrogen atmosphere, triethylamine (6.1 mL, 44 mmol) was added to a 
solution of 2,4-dichloro-6-methyl-3-nitropyridine (7.50 g, 36.2 mmol), prepared as 
described in Part A of Example 1, in anhydrous DMF (160 mL). Neat 2-[3-(pyridin-3- 
yl)propoxy]ethylamine (6.60 g, 36.6 mmol) was then added, and the mixture was stirred at 

5 room temperature for 1 .5 hours. The volatiles were then removed under reduced pressure, 
and the residue was dissolved in chloroform. The solution was washed with 2% aqueous 
potassium bicarbonate (1 x), water (1 x), and brine (1 x), dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to provide an oil. The crude product 
was purified by column chromatography on silica gel (600 g, eluting with methanohethyl 

10 acetate in various ratios) to afford an oil which was dried under reduced pressure to yield 
4.9 g of (2-chloro-6-methyl-3-nitropyridin-4-yl)- {2-[3-(pyridin-3-yl)propoxy]ethyl} amine. 
PartF 

r 

The general method described in Part E of Example 80 was used with the 
following modifications. A solution of phenol (1.45 g, 15.4 mmol) in diglyme (10 mL) 

15 was added to a cooled mixture of the sodium hydride dispersion (0.59 g, 14.7 mmol) in 
diglyme (15 mL), and the addition flask was rinsed twice with diglyme (5 mL), which was 
added to the reaction. A solution of (2-chloro-6-methyl-3-nitropyridin-4-yl)-{2-[3- 
(pyridin-3-yl)propoxy]ethyl} amine (4.9 g, 14 mmol) was added, and the reaction was 
heated at 60 °C for 20 hours. Additional reagent prepared from phenol (0.50 g, 5.3 mmol) 

20 and 60% sodium hydride (0.21 g, 5.3 mmol) in diglyme was added, and the reaction was 
heated at 60 °C for 2.5 hours. The reaction was allowed to cool to room temperature and 
slowly added to 800 mL of water and stirred for one hour to form a bright yellow solid. 
The solid was isolated by filtration and washed with hexane (50 mL) to provide 7.4 g of 
(6-methyl-3-nitro-2-phenoxypyridin-4>yl)- {2-[3-(pyridin-3-yl)propoxy]ethyl} amine as a 

25 yellow solid contaminated with water. 
Part G 

Under a nitrogen purge, 5% platinum on carbon (2.0 g), toluene (5 mL), and 2- 
propanol (5 mL) were added to a Parr vessel. A solution of (6-methyl-3 -nitro-2- 
phenoxypyridin-4-yl)-{2-[3-(pyridin-3-yl)propoxy]ethyl} amine (5.71 g, 14.0 mmol) in 
30 toluene (45 mL) was then added. The vessel was placed under hydrogen pressure (49 psi, 
3.4 x 10 5 Pa) for three hours. An analysis by liquid chromatography/mass spectrometry 
indicated the presence of starting material, and additional 5% platinum on carbon (0.1 g) 
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was added. The reaction was continued for an additional 6 hours. The reaction mixture 
was filtered through a layer of CELITE filter aid, and the filtrate was concentrated under 
reduced pressure to yield 5.2 g of e-methyl^-phenoxy-TV^^^-tpyridin-S- 
yl)propoxy]ethyl}pyridine-3,4-diamine as a dark oil. 
PartH 

Under a nitrogen atmosphere, a solution of 6-methyl-2-phenoxy-iV 4 -{2-[3-(pyridin- 

3- yl)propoxy]ethyl}pyridine-3,4-diamine (5.2 g, 14 mmol), anhydrous dichloromethane 
(40 mL), and anhydrous triethylamine (2.3 mL, 16.5 mmol) was cooled to 5 °C. A 
solution of ethoxyacetyl chloride (1.77 g, 14.4 mmol) in dichloromethane (10 mL) was 
then added over a period often minutes, and the reaction was stirred for 30 minutes. The 
reaction mixture was diluted with dichloromethane (25 mL), washed with aqueous 
saturated sodium bicarbonate (3 x) and brine (3 x), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide 5.8 g of 2-ethoxy-iV-(6-methyl-2-phenoxy- 

4- {2-[3-(pyridin-3-yl)propoxy]ethylamino}pyridin-3-yl)acetamid as an oil. 

Parti 

Under a nitrogen atmosphere, a solution of 2-ethoxy-iV-(6-methyl-2-phenoxy-4- {2- 
[3-(pyridin-3-yl)propoxy]ethylamino}pyridin-3--yl)acetamide (3.70 g, 7.96 mmol) and 
pyridine hydrochloride (3.70 g, 32.0 mmol) in anhydrous pyridine (25 mL) was heated at 
140 °C for 38.5 hours and then was allowed to cool to room temperature. The volatiles 
were removed under reduced pressure, and the residue was dissolved in dichloromethane. 
The resulting solution was washed with saturated aqueous sodium bicarbonate (1 x), water 
(1 x) and brine (1 x), dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to provide 4.13 g of a brown oil. The crude product was purified by column 
chromatography on silica gel (220 g, eluting with ethyl acetate) to provide 2.72 g of 2- 
(ethoxymethyl)-6-methyl-4-phenoxy- 1 - {2- [3 -(pyri din-3 -yl)propoxy] ethyl} - 1 H- 
imidazo[4,5-c]pyridine as an oil. 
Part J 

Ammonium acetate (27.0 g, 0.350 mol) and 2-(ethoxymethyl)-6-methyl-4- 
phenoxy4-{2-[3-(pyridin-3-yl)propoxy]e^ (2.72 g, 6.09 

mmol) were heated at 1 55 °C in a sealed tube for 21.5 hours. The solution was allowed to 
cool to room temperature and adjusted to pH 14 with the addition of 1 N sodium 
hydroxide. The solution was extracted with dichloromethane (3 x). The combined 
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extracts were washed with water (3 x) and brine (3 x), dried over sodium sulfate, filtered, 
and concentrated under reduced pressure to provide 2.19 g an amber-colored oil. The 
crude oil was purified by column chromatography on silica gel (200 g, eluting with 89:11 
ethyl acetate:methanol) to provide 0.858 g of an oil. The oil was dissolved in 2-propanol 
treated with al.OM solution of hydrochloric acid in diethyl ether (4.64 mL), and the 
resulting salt was recrystallized from 2-propanol. The salt was treated with aqueous 
sodium hydroxide to make the free base, which was isolated by filtration and dried for 48 
hours at 80 °C to yield 0.348 g of 2-(ethoxymethyI)-6-methyl-l-{2-[3-(pyridin-3- 
yl)propoxy]ethyl}-li?-imidazo[4,5-c]pyridin-4-amine as a colorless oil. 
'H NMR (300 MHz, DMSO) 8 8.36 (d, J= 4.4 Hz, 1H), 8.309 (s, 1H), 7.39 (d,/= 7.5 Hz, 
1H), 7.20-7.24 (m, 1H), 6.64 (s, 1H), 6.10 (s, 2H), 4.69 (s, 2H), 4.32 (t, J= 5.3 Hz, 2H), 
3.65 (t, J= 5.3 Hz, 2H), 3.50 (q, J= 7.1 Hz, 2H), 3.30 (t, J= 6.24 Hz, 2H), 2.47 (t, J= 8.1 
Hz, 2H) 2.31 (s, 3H), 1.70 (p, J- 7.5, 6.2 Hz, 2H), 1.12 (t, J = 639 Hz, 3H); 
MS (APCI) m/z 341 (M + H) + ; 

Anal. Calcd for C20H27N5CVO.8 H 2 0: C, 62.58; H, 7.51; N, 18.24; Found: C, 62.85; H, 
7.6; N, 18.12. 

Example 82 

2<Ethoxymethyl)-6J-dimemyl-l-{2-[3-(l,3-tmazol-2-yl)propoxy]ethyl}-l^-imidazo[4,5- 

c]pyridin-4-amine 




Part A 

2-[3-(l,3-Thiazol-2-yl)propoxy]ethylamine was prepared using the general 
methods of Parts A through D of Example 81. In Part B tert-butyl 2-(prop-2- 
ynyloxy)ethylcarbamate (151.2 g, 0.759 mol) was coupled with 2-bromothiazole (124 g, 
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0.759 mmol) in lieu of 3-bromopyridine. After Part D, the product was purified by 
distillation (113-115 °Cat 1.7x l^Pa) to yield 43 g of the desired product as an oil. 
PartB 

Under a nitrogen atmosphere, triethylamine (3.4 mL, 24 mmol) was added 
dropwise to a solution of 2,4-dichloro-5,6-dimethyl-3-nitropyridine (4.50 g, 20.4 mmol) in 
anhydrous DMF (45 mL). 2-[3-(l,3-Thiazol-2-yl)propoxy]ethylamine (4.55 g, 24.4 
mmol) was then added, and the addition funnel was rinsed with additional DMF (15 mL). 
The reaction was heated at 60 °C for 3.5 hours. The volatiles were then removed under 
reduced pressure, and the residue was partitioned between water (100 mL) and diethyl 
ether (250 mL). The organic layer was washed with water (2 x 50 mL) and brine (3 x 50 
mL), dried over magnesium sulfate, filtered, and concentrated under reduced pressure to 
provide an orange oil. The crude product (7.41 g) was purified by column 
chromatography on silica gel (375 g, eluting with 50:50 hexane:ethyl acetate) to provide a 
solid, which was dried overnight under high vacuum at room temperature to provide 4.6 g 
of (2-chloro-5,6-dime%l-3-mto^ 
yl)propoxy]ethyl} amine as a yellow solid. 
PartC 

The method described in Example 80, Part E was used with the following 
exceptions. A solution of phenol (2. 1 1 g, 22.4 mmol) in diglyme (5 mL) was added to the 
sodium hydride dispersion (0.87 g, 22 mmol) in diglyme (10 mL). A solution of (2- 
chloro-5,6-dimethyl-3-nitropyridin-4-yl). {2-[3-(l ,3-thiazol-2-yl)propoxy]ethyl} amine (4.6 
g, 15 mmol) in diglyme (25 mL) was added, and the addition flask was rinsed with 
additional diglyme (2x5 mL), which was added to the reaction flask. The resulting 
amber solution was heated at 1 10 °C for 3.25 hours and then allowed to cool to room 
temperature. The volatiles were removed under reduced pressure, and the residue was 
dissolved in ethyl acetate (100 mL). The solution was washed with saturated aqueous 
ammonium chloride (1 x 50 mL), 1 N potassium hydroxide (2 x 50 mL), and brine (2 x 50 
mL), and then dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure to provide an oil. The oil was dried for three days under high vacuum at room 
temperature to provide 4.7 g of (2,3-dimethyl-5-nitro-6-phenoxypyridin^4-yl)- {2^3.(1,3- 
thiazol-2-yl)propoxy] ethyl} amine as an oil. 
PartD 
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Under a nitrogen purge, 5% platinum on carbon (0.5 g) and toluene (5 mL) were 
added to a pressure vessel. A solution of (23-dimethyl-5-nitro-6-phenoxypyridin-4-yl)- 
{2-[3-(l,3-thiazol-2-yl)propoxy]ethyl} amine (4.7 g, 11 mmol) in toluene (35 mL) was 
then added. The vessel was placed under hydrogen pressure (50 psi, 3.4 x 10 5 Pa) for 24 
5 hours. The reaction mixture was filtered through a layer of CELITE filter aid, and the 
filtrate was concentrated under reduced pressure to yield 4.12 g of 5,6-dimethyl-2- 
phenoxy-iV-{2-[3-(13-thiazol-2-y^ as a pale yellow 

oil 
PartE 

10 Under a nitrogen atmosphere, a solution of 5,6-dimethyl-2-phenoxy-7V 4 -{2-[3-(l ,3- 

thiazol-2-yl)propoxy]etiiyl}pyridine-3,4-diamine (4.12 g, 10.3 mmol) and pyridine 
hydrochloride (0.024 g, 0.21 mmol) in pyridine (30 mL) was cooled to 7 °C. Ethoxyacetyl 
chloride (1.33 g, 10.9 mmol) was added, and the reaction was stirred for 30 minutes. The 
cloudy solution was then heated at 100 °C for 20 hours and then allowed to cool to room 

15 temperature. The volatiles were removed under reduced pressure, and the residue was 
partitioned between water and dichloromethane. The organic layer was washed with 
potassium carbonate (2 x 50 mL) and brine (2 x 50 mL), dried over magnesium sulfate, 
filtered, and concentrated under reduced pressure. The resulting oil was triturated with 
heptane to provide a solid that was isolated by filtration. 2-(Ethoxymethyl)-6,7-dimethyl- 

20 4-phenoxy-l-{243-(l,3^Mazol-2-y^ (3.68 g) 

was obtained as a tan solid. 
PartF 

Ammonium acetate (37 g, 0.48 mol) and 2-(ethoxymethyl)-6,7-dimethyl-4- 
phenoxy- 1 - {2-[3-(l ,3 -thiazol-2-yl)propoxy]ethyl} -li/-imidazo[4,5-c]pyridine (3 .68 g, 

25 7.89 mmol) were heated at 150 °C in a sealed tube for 29.5 hours. The resulting solution 
was allowed to cool, and the pH was adjusted to 14 with the addition of 1 N potassium 
hydroxide. The solution was stirred for one hour and was then extracted with ethyl acetate 
(1 x 200 mL). The extract was washed with 1 N potassium hydroxide (3 x 50 mL) and 
brine (3x50 mL), dried over magnesium sulfate, filtered, and concentrated under reduced 

30 pressure to provide a brown solid. The solid was triturated with diethyl ether, isolated by 
filtration, and purified by column chromatography on silica gel (lOOg, eluting with 96:4 
dichloromethane:methanol) to provide an oil, which was triturated with hexane to form a 
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solid (0.60 g). The solid was dissolved in ethyl acetate, filtered through a 4 jam syringe 
filter, and concentrated under reduced pressure to provide a solid. The solid was triturated 
with hexane, isolated by filtration, and dried to provide 0.446 g of 2-(ethoxymethyl)-6,7- 
dimethyl-l-{2-[3-(l,3-thiazol^ as a 

5 white powder, mp. 9 1 -92 °C. 

*H NMR (300 MHz, DMSO) 8 7.66 (d, J= 3.7 Hz, 1H), 7.53 (d, J = 3.1 Hz, 1H), 5.77 (s, 
2H), 4.69 (s, 2H), 4.53 (t, 7- 5.a6 Hz, 2H), 3.70 (t, /= 5.6 Hz, 2H), 3.50 (q, J= 7.0 Hz, 
2H), 3.38 (t, /= 5.9 Hz, 2H), 2.89 (t, J= 7.5 Hz, 2H), 2.38 (s, 3H), 2.31 (s, 3H), 1.86 (p, J 
= 7.5, 6.2 Hz, 2H) 1.13 (t, J= 6.9 Hz, 3H); 

1 0 MS (APCI) /w/z 390 (M + H) + ; 

Anal. Calcd for Ci 9 H27N 5 0 2 S: C, 58.59; H, 6.99; N, 17.98; Found: C, 58.53; H, 7.01; N, 

■ 

17.88. 

Example 83 

1 5 6,7-Dimethyl- 1 - {2-[3-(l ,3-thiazol-2-yl)propoxy]ethyl} - 1 i/-imidazo[4,5-c]pyridm-4-amine 

hydrochloride 




Part A 

The preparation of 5,6-dimethyl-2-phenoxy-iV 4 -{2-[3-(l,3-thiazol-2- 
20 yl)propoxy]ethyl}pyridine-3,4-diamine is described in Example 82, parts A through D. 

Under a nitrogen atmosphere, a solution of 5,6-dimethyl-2-phenoxy-A^-{2-[3~(l,3-thiazol- 
2-yl)propoxy]ethyl}pyridine-3,4-diamine (2.9 g, 7.3 mmol), pyridine hydrochloride (0.017 
g, 0.145 mmol), and triethylorthoformate (1.8 mL, 1 1 mmol) in toluene (75 mL) was 
heated at reflux for 30 minutes. The volatiles were removed under reduced pressure, and 
25 the residue was dissolved in dichloromethane. The resulting solution was washed with 
saturated aqueous sodium bicarbonate (2 x 20 mL) and brine (2 x 50 mL), dried over 
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sodium sulfate, filtered, and concentrated under reduced pressure to provide an oil The 
oil was triturated with diethyl ether to form a solid that was isolated by filtration to 
provide 2.15 g of 6,7^me%l-4-phenoxy-l-{2^3-(l,3-^ 
imidazo[4,5-c]pryridine as an off-white powder. 
5 PartB 

Ammonium acetate (15.9 g, 0.206 mol) and 6,7-dimethyl-4-phenoxy-l-{2-[3-(l,3- 
thiazol-2-yl)propoxy] ethyl }-li/-imidazo[4,5-c]pryridine (1.59 g, 3.89 mmol) were heated 
at 150 °C in a sealed tube for 20 hours. The amber-colored solution was allowed to cool 
to room temperature and diluted with water (10 mL). The resulting solution was adjusted 

10 to pH 14 with the addition of 20% sodium hydroxide and stirred for 30 minutes. The 
solution was extracted with dichloromethane (3 x 30 mL). The combined extracts were 
washed with brine (3 x 25 mL), dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to provide an oil. Diethyl ether was added to the oil and subsequently 
removed under reduced pressure to provide a solid, which was purified by column 

15 chromatography on silica gel (eluting with 95:5 dichloromethane:methanol) to provide 
two portions of slightly impure product. One portion (0.13 g) was treated with a 1 .0 M 
solution of hydrochloric acid in diethyl ether (1 equivalent), and the resulting salt was 
recrystallized from 2-propanol to provide 0.056 g of 6,7-dimethyl-l-{2-[3-(l,3-tbiazol-2- 
yl)propoxy]ethyl}-l/f-imidazo[4,5-c]pyridin-4-amine hydrochloride as a white powder, 

20 decomp.~180°C. 

*H NMR (300 MHz, DMSO) 5 13.52 (m, 1H), 8.32 (s, 1H), 8.03 (s, 1H), 7.65 (d, J= 3.1 
Hz, 1H), 7.54 (d, 7= 3.7 Hz, 1H), 4.61 (t, J = 5.0 Hz, 2H), 3.73 (t, J= 5.0 Hz, 2H), 3.40 (t, 
J= 5.9 Hz, 2H), 2.84 (t, /= 7.5 Hz, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.84 (p, J= 7.5, 6.2 
Hz,2H); 

25 MS (APCI) m/z 332 (M + H) + ; 

Anal. Calcd for C 16 H 2 ,N 5 OS*HC1*0.5 H 2 0: C, 50.99; H, 6.15; N, 18.58; Found: C, 50.93; 
H, 6.00; N, 18.55. 
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Example 84 
6,7-Dimethyl- 1 - [2-(pyridm-4-ylmethoxy 




Part A 

i 

The general methods described in Parts A and B in Example 80 were employed to 
convert ethanol amine (40.00 g, 655 mmol) to tert-butyl (2-pyridin-4- 
ylmethoxy)ethylcarbamate. In Part B, 4-(chloromethyl)pyridine hydrochloride (1 02 g, 
633 mmol) was used in lieu of benzyl bromide. 
PartB 

To a solution of tert-butyl (2-pyridin-4-ylmethoxy)ethylcarbamate (157 g, 622 
mmol) was added a solution of 25% by volume hydrochloric acid in anhydrous ethanol 
(1600 mL) at 0 °C, and the reaction was allowed to warm to room temperature and stirred 
overnight. The volatiles were removed under reduced pressure, and the residue was 
dissolved in water (1 L). The solution was washed with dichloromethane (2 x 500 mL), 
and then adjusted to pH 13 with the addition of solid potassium carbonate and 50% 
aqueous sodium hydroxide. The basic solution was then extracted with chloroform (2 x 
2000 mL) and overnight using a continuous extractor. The combined extracts were 
concentrated under reduced pressure to a volume of 2 L, washed with brine (2 x 1000 
mL), dried over sodium sulfate, filtered, and concentrated under reduced pressure to 
provide a yellow oil (83.2 g). The oil was purified by distillation (103-105 °C at 63 Pa) to 

yield 47. 5 g of 2-(pyridin-4-ylmethoxy)ethylamine as a colorless oil. • 
PartC 

Under a nitrogen atmosphere, triethylamine (7.4 mL, 53 mmol) was added to a 
solution of 2,4-dichloro-5,6-dimethyl-3-nitropyridine (9.78 g, 44.2 mmol) in anhydrous 
DMF (200 mL). 2-(Pyridin-4-ylmethoxy)ethylamine (6.8 g, 45 mmol) was added, and the 
reaction was stirred at room temperature for 17.5 hours. The reaction solution was slowly 
added to water (1.8 L) and stirred for two hours to form a precipitate, which was isolated 
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by filtration and washed with cold hexane (200 mL). The solid was dried under reduced 
pressure for one hour to provide 10.15 g of (2-chloro-5,6-dimethyl-3-nitropyridin-4-yl)-[2- 
(pyridin-4-ylmethoxy)ethyl]amine as a yellow solid. An analysis by HPLC indicated that 
starting material and an isomer were present as impurities. 
PartD 

Under a nitrogen atmosphere, diglyme (25 mL) was added to sodium hydride (1.81 

» 

g, 45.2 mmol), which is available as a 60% dispersion in mineral oil, and the mixture was 
cooled to 5 °C. A solution of phenol (4.54 g, 48.2 mmol) in diglyme (50 mL) was added 
dropwise over a period of 15 minutes. The reaction became homogeneous after 1 5 
minutes. A solution of (2-chloro-5,6-dimethyl-3-mtropyridin-4-yl)-[2-(pyridin-4- 
ylmethoxy)ethyl] amine (10.15 g, 30.14 mmol) was added, and the reaction was heated at 

* 

160 °C for 13 hours. An analysis by HPLC indicated the presence of starting material. 
Additional phenol (3.12 g, 33.2 mmol) was added to 60% sodium hydride (1.24 g, 31.1 
mmol) in diglyme, and the mixture was stirred until it became homogeneous. This 
solution was added to the cooled reaction flask, and the reaction was heated at 1 60 °C for 
9.5 hours. The reaction was allowed to cool to room temperature, and the volatiles were 
removed under reduced pressure to provide a black oil. The oil was dissolved in ethyl 
acetate, and the solution was washed with 1 N potassium hydroxide (3 x) and brine (3 x), 
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The 
crude product was purified by column chromatography on silica gel (eluting with 80:20 
ethyl acetate:hexane) to provide 2.47 g of (2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)- 
[2-(pyridin-4-ylmethoxy)ethyl] amine. 
PartE 

The procedure described in Part F of Example 80 was followed using (2,3- 
dimethyl-5-nitro-6-phenoxypyridin-4^ (2.47 g, 

6.26 mmol) as the starting material. The reaction product, 5,6-dimethyl-2-phenoxy-A/ 4 -[2- 
(pyridin-4-ylmethoxy)ethyl]pyridine-3,4-diamine (1.99 g), was obtained as an amber- 
colored oil. 

PartF 

Under a nitrogen atmosphere, pyridine hydrochloride (0.013 g, 0.1 1 mmol) and 
triethylorthoformate (1.4 mL, 8.2 mmol) were added to a solution of 5,6-dimethyl-2- 
phenoxy-iV 4 -[2-(pyridin-4-ylmethoxy)ethyl]pyridine-3,4-diamine (1.99 g, 5.46 mmol) in 
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toluene, and the reaction was heated at 84 °C for one hour. The volatiles were removed 
under reduced pressure to provide a solid (2.0 g), which was purified by column 
chromatography on silica gel (70 g, eluting with ethyl acetate). The resulting solid was 
dried to yield 1.52 gof 6,7-dimethyM-phenoxy-l-[2-(pyridin-4-ylmeto^ 
imidazo[4,5-c]pyridine as a white solid. 
PartG 

Ammonium acetate (15 g, 0.19 mol) and 6,7-dimethyl-4-phenoxy-l-[2-(pyridin-4- 
ylmethoxy)ethyl]-17/-imidazo[4 3 5-c]pyridine (1.52 g, 4.06 mmol) were heated at 155 °C 
in a sealed tube for 23.5 hours. The solution was allowed to cool to room temperature and 
adjusted to pH 14 with the addition of 1 N sodium hydroxide. The solution was extracted 
with dichloromethane, and the combined extracts were washed with aqueous sodium 
bicarbonate (1 x), water (1 x), and brine (2 x), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide an orange solid. The solid was 
recrystallized from acetonitrile and then from 2-propanol to yield 0.407 g of a white solid, 
which was further purified by column chromatography on silica gel (treated with 
diethyiamine, eluting with 95:5 dichloromethane:methanol). The product was washed 
with water, isolated by filtration, and dried to provide 0.247 g of 6,7-dimethyl-l-[2- 
(pyridin-4-ylmethoxy)ethylHiM as a white powder, mp 

195-196 °C. 

l H NMR (300 MHz, DMSO) 5 8.45 (d, J= 5.6 Hz, 2H), 7.93 (s, 1H), 7.14 (d, /= 6.2 Hz, 
2H), 5.75 (s, 2H), 4.56 (t, 5.3 Hz, 2H), 4.51 (s, 2H), 3.79 (t, J= 5.3 Hz, 2H), 2.35 (s, 
3H), 2.30 (s, 3H); 
MS (APCI) m/z 298 (M + H) + ; 

Anal. Calcd for C 16 H 19 N50: C, 64.63; H, 6.44; N, 23.55; Found: C, 64.42; H, 6.64; N, 
23.31. 
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Example 85 

1 -[5-(4-ChIorobenzenesulfonyl)pentyl]-6 ,7-dimethyl-2-propyl- li/-imidazo[4,5-c]pyridin- 

4-amine 




Part A 

Under a nitrogen atmosphere, triethylamine (65.0 mL, 475 mmol) was added to a 

solution of 2,4-dichloro-5,6-dimethyl-3-nitropyridine (70.0 g, 317 mmol) in anhydrous 

DMF (760 mL), and the reaction was stirred for 15 minutes. A solution of 5-amino-l- 

pentanol (35.9 g, 348 mmol) in anhydrous DMF (200 mL) was slowly added over a period 

of 2 hours, and the reaction was stirred overnight at room temperature. A white precipitate 

had formed and was removed by filtration. The filtrate was concentrated under reduced 

pressure to provide an orange-red oil, which was dissolved in ethyl acetate (600 mL). The 

solution was washed with water (3 x 60 mL), dried over magnesium sulfate, filtered, and 

concentrated under reduced pressure to provide 96.7 g of an orange solid. The solid was 

recrystallized twice from a mixture of ethyl acetate and hexanes to afford a yellow solid, 

which was isolated by filtration and washed with cold hexanes to provide 44.6 g of 5-(2- 

chloro»5,6-dimethyl-3-nitropyridin-4-ylamino)pentan-l-ol as a yellow solid. 
PartB 

Under a nitrogen atmosphere, tetrahydrofuran (TEDF) (150 mL) was cooled to 0 °C. 
Sodium hydride (9.30 g, 233 mmol), available as a 60% dispersion in mineral oil, was 
added with stirring. A solution of phenol (21.1 g, 225 mmol) in THF (80 mL) was added 
dropwise over a period of one hour. A solution of 5-(2-chloro-5,6-dimethyl-3- 
nitropyridin-4-ylamino)pentan-l-ol (44.5 g, 155 mmol) in THF (80 mL) was then added 
dropwise over a period of 40 minutes. The reaction was allowed to warm to room 
temperature and heated at reflux overnight. An analysis by thin layer chromatography 
(TLC) indicated that the reaction was incomplete. Additional reagent was prepared as 
described above by adding phenol (7.1 g, 75 mmol) to sodium hydride (3.2 g, 80 mmol) in 
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THF (50 mL), and the reagent was added to the reaction solution at room temperature. 
The reaction was heated at reflux overnight and then allowed to cool to room temperature. 
Water (50 mL) was added, and the solvent was removed under reduced pressure. The 
aqueous solution was extracted with ethyl acetate. The organic solution was washed with 
5 water (3 x) and brine (1 x), dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure to provide the crude product. The crude product was purified twice by 
column chromatography on silica gel (eluting sequentially with 50:50 hexane:ethyl acetate 
and 25:75 hexane:ethyl acetate) to provide 40.24 g of 5-(2,3-dimethyl-5-mtro-6-phenoxy- 
pyridin-4-ylamino)pentan-l -ol as a yellow oil. 
10 PartC 

Under a nitrogen atmosphere, a solution of 5-(2,3-dimethyl-5-nitro-6-phenoxy- 
pyridin-4-ylamino)pentan-l-ol (40.24 g, 1 14.6 mmol) in dichloromethane (350 mL) was 
cooled to 0 °C. Thionyl chloride (12.5 mL, 172 mmol) was added dropwise, and the 
reaction was heated at reflux for one hour. The reaction was cooled to 0 °C, and water 

15 (200 mL) was slowly added followed by solid sodium bicarbonate until the pH of the 
solution was basic. The solvent was partially removed under reduced pressure, and the 
aqueous solution was extracted with ethyl acetate (500 mL). The combined organic 
solutions washed with saturated aqueous sodium bicarbonate (3 x 50 mL), water (1 x 50 
mL), and brine (2 x 20 mL), and then dried over magnesium sulfate, filtered, and 

20 concentrated under reduced pressure to afford a yellow oil, which crystallized overnight. 

The solid was dried for one hour in a vacuum oven at 70 °C to provide 40.1 g of (5- 

cUoropentyl)-(2,3-dimethyl-5-nitro-6-phenoxy--pyridin-4-yl)amine as a yellow solid. 
PartD 

A solution of sodium dithionite (90.5 g, 520 mmol), available as approximately 
25 85% pure sodium hydrosulfite, in water (200 mL) was added to a solution of (5- 

chloropentyl)-(2,3-dimethyl-5-iiitro-6-phenoxy-pyridin-4-yl)amine (37.8 g, 104 mmol) in 
ethanol (575 mL), and the mixture was stirred rapidly for five hours. The mixture did not 
become homogeneous, and additional ethanol (200 mL) was added. The mixture 
remained heterogeneous and was separated into two batches. A solution of sodium 
30 dithionite (40 g, 230 mmol) in water (150 mL) was partitioned evenly between the two 
batches, and the reactions were stirred for an additional hour. An analysis by TLC 
indicated that the reactions were complete. A white solid was removed from the reaction 
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mixtures by filtration and was washed with methanol. The solvents were removed under 
reduced pressure, and the residue was partitioned between dichloromethane (400 mL) and 
water (100 mL). Saturated aqueous sodium bicarbonate was added to the aqueous layer 
until it was basic, and the resulting solution was extracted with dichloromethane (2 x 100 
mL). The combined organic extracts were washed with brine, dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure to provide 34.7 g of ^-(5- 
cWoropentyl)-5,6-dimethyl-2-phenoxypyridine-3,4-diamine as an orange-red liquid. 

Part E 

Under a nitrogen atmosphere, pyridine hydrochloride (4.2 g, 36.4 mmol) was 
added in small amounts to a solution of ^-(S-chloropentyty-S^-dimethyW- 
phenoxypyridine-3,4-diamine (32.4 g, 97.0 mmol) in toluene (500 mL). 
Trimethylorthobutyrate (17 mL, 107 mmol) was then added, and the reaction was heated 
at reflux for two hours. The solvent was removed under reduced pressure, and the residue 
was dissolved in ethyl acetate (500 mL). The solution was washed with water (3 x 80 mL) 
and brine (1 x 40 mL), dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure to afford an oil, which was dissolved in hexanes (20 mL) and 
concentrated under reduced pressure to provide an off-white solid. The crude solid was 

9 

purified by column chromatography on silica gel (eluting with 2:1 hexane:ethyl acetate) to 
provide 30.8 g of l-(5-cUoropentyl)-6,7-dimethyl-4-phenoxy-2-propyl-lH-imidazo[4,5- 

c]pyridine as white crystals. 
PartF 

Under a nitrogen atmosphere, a solution of 4-chlorobenzenethiol (868 mg, 6.00 
mmol) in DMF (5 mL) was added to a mixture of sodium hydride (60% dispersion, 240 
mg, 6.00 mmol) in DMF (15 mL); the reaction became homogeneous and was stirred for 
15 minutes. Solid l-(5-chloropentyl)-6,7-dimethyl-4-phenoxy-2-propyl-l^-imidazo[4,5- 
c]pyridine (1.93 g, 5.00 mmol) was added in small amounts, and the reaction was stirred 
for 1 .5 hours. Water (25 mL) was added, and the resulting solution was extracted with 
ethyl acetate (3 x 50 mL). The combined extracts were washed with water (5 x 30 mL) 
and brine (2x10 mL), dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure to provide a colorless oil, which crystallized overnight. The solid was 
dried for three hours under high vacuum to provide 2.58 g of l-[5-(4- 
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chlorophenylsulfanyl^ 
c]pyridine as a white solid. 
PartG 

Under a nitrogen atmosphere, a solution of l-[5-(4-chlorophenylsulfanyl)pentyl]- 
ej-dimethyl^-phenoxy^-propyl-l^-imidazot^S-^pyridiiie (2.47 g, 5.00 mmol) in 
chloroform (25 mL) was cooled to 0 °C. mCPBA (2.47 g, 1 1 mmol) was added in one 
portion, and the cloudy reaction was stirred for 30 minutes at room temperature. The 
volatiles were removed under reduced pressure, and the residue was partitioned between 
ethyl acetate (300 mL) and saturated aqueous sodium bicarbonate (75 mL). The organic 
layer was washed with saturated aqueous sodium bicarbonate (5 x 30 mL), water (2 x 30 
mL), and brine (2x10 mL), and then dried over magnesium sulfate, filtered, and 
concentrated under reduced pressure to provide a solid. The product was triturated with 
ethyl acetate, isolated by filtration, and dried under high vacuum to provide 2.31 g of l-[5- 
(4-chlorobenzenesulfonyl)pentyl>^ 
c]pyridine as a white powder. 
PartH 

Ammonium acetate (20.2 g, 0.262 mol) and l-[5-(4- 
chlorobenzenesulfonyl)pentyl]-6,7^ 

cjpyridine (2.20 g, 4.18 mmol) were stirred at 160 °C in a sealed tube for 18 hours. The 
solution was allowed to cool to room temperature and partitioned between chloroform (50 
mL) and water (25 mL). The aqueous solution was adjusted to pH 1 1 with the addition of 
1 M sodium hydroxide and two solid sodium hydroxide pellets. The aqueous solution was 
then extracted with chloroform (4 x 50 mL). The combined organic solutions were 
washed with 1 M sodium hydroxide (2 x 25 mL), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide the crude product as a tan foam. The 
crude product was purified by column chromatography on silica gel (eluting with 94:5:1 
dichloromethane:methanol:triethylamine) to provide a product that was impure as 
determined by HPLC analysis. A second purification by column chromatography on silica 
gel (eluting with 96:3:1 dichloromethane:methanol:triethylamine) also resulted in impure 
material. The solid was recrystallized from acetonitrile, and the crystals were isolated by 
filtration, washed with cold acetonitrile and ethyl acetate, dried under high vacuum to 
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provide 0.53 g of l-[5-(4-chlorobenzenesulfonyl)pentyl]-6 ,7-dimethyl-2-propyl-l#- 

imidazo[4,5-c]pyridin-4-amine as white needles, mp 147.0-149.0 °C. 

! H NMR (300 MHz, CDC1 3 ) 5 7.83 (d, 8.6, 2H), 7.55 (d, 7= 8.6, 2H), 4.82 (br s, 2H), 

4.17 (dd, J= 7.7, 7.7, 2H), 3.07 (dd, J= 7.8,7.8, 2H), 2.72 (dd, J= 7.7, 7.7, 2H), 2.43 (s, 

3H), 2.39 (s, 3H), 1.95-1.65 (m, 6H), 1.55-1.42 (m, 2H), 1.05 (t, J= 7.4, 3H); 

MS (APCI) m/z 449 (M) + ; 

Anal. Calcd for C22H29CIN4O2S: C, 58.85; H, 6.51; N, 12.48; Found: C, 58.79; H, 6.50; 
N, 12.29. 



Examples 86-88 

The general methods described in Example 85 were used for Examples 86-88. The 
thiol selected in lieu of 4-chlorobenzenethiol in Part F of Example 85 is shown in the table 
below for Examples 86-88. The isolation of the final products is described below. 




O 



Example Number 


Thiol 


R 


86 


4-trifluoromethylthiophenol 




87 


2-mercaptopyridine 


N— ^ 


88 


thiophenol 


O 
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Example 86 

6,7-Dimethyl-2-propyl- 1 - {5-[4-(trifluoromethyl)benzenesiilfonyl3peiityl} AH- 

imidazo[4,5-c]pyridin-4-amine 
Ammonium acetate (6.25 g, 81.1 mmol) and 6,7-dimethyl-4-phenoxy-2-propyl-l- 
{5-[4-(trifluoromethyl)benzenesulfonyl]penty^ (0.70 g, 1.25 

mmol) were used as described in Part H of Example 85. The reaction solution was 
partitioned between chloroform (75 mL) and 1 M sodium hydroxide (75 mL). The 
aqueous solution was extracted with chloroform (2 x 75 mL). The combined organic 
solutions were washed with 1 M sodium hydroxide (4 x 30 mL) and brine, dried, filtered, 
and concentrated as described in Example 85. The crude product was purified by column 
chromatography on silica gel (eluting sequentially with 99:1:0.1 
dichloromethane:methanol:ammonium hydroxide and 94:6:0.1 

dichloromethane:methanol: ammonium hydroxide) to provide a product that was impure as 
determined by nuclear magnetic resonance (NMR) spectroscopy analysis. The solid was 
dissolved in hot 2-propanol and treated with one equivalent of a 1 M solution of 
hydrochloric acid in diethyl ether. Chloroform and water were added, and the aqueous 
layer was extracted with chloroform (3 x). The combined organic solutions were dried 
over sodium sulfate, filtered, and concentrated under reduced pressure to provide a solid. 
The solid was stirred with 2-propanol, isolated by filtration, washed with cold 2-propanol, 
and dried under high vacuum. The solid was then dissolved in dichloromethane (100 mL), 
and the resulting solution was washed with 1 M sodium hydroxide (2 x 40 mL). The basic 
solution was extracted with dichloromethane (2 x 30 mL), and the combined extracts were 
dried over sodium sulfate, filtered, and concentrated under reduced pressure to provide 
198 mg of 6,7-dimethyl-2-propyl-l-{5-[4-(trifluorom 
imidazo[4,5-c]pyridin-4-amine as a white powder, mp 172.0-173.5 °C. 
*H NMR (300 MHz, CDC1 3 ) 5 8.04 (d, J= 8.6, 2H), 7.85 (d, J= 8.6, 2H), 4.82 (br s, 2H), 
4.18 (dd, J= 7.7, 7.7, 2H), 3.10 (dd, J= 7.8, 7.8, 2H), 2.73 (dd J= 7.7, 7.7, 2H), 2.43 (s, 
3H), 2.39 (s, 3H), 1.96-1.65 (m, 6H), 1.58-1.43 (m, 2H), 1.05 (t, J= 7.4, 3H); 
MS (APCI) m/z 483 (M+H) + ; 

Anal. Calcd for C23H29F3N4O2S: C, 57.25; H, 6.06; N, 11.61; Found: C, 56.75; H, 6.20; 
N, 11.25. 
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Example 87 

6,7-Dimethyl-2-propyl- 

amine 

The crude product (2.47 g), obtained after the oxidation procedure as described in 

5 Part G of Example 85, was purified by column chromatography on silica gel (eluting 

sequentially with 2:1 ethyl acetate:hexane and 4:1 ethyl acetate:hexane to provide 1.86 g 

of 6,7-dimethyl-4-phenoxy-2-propyl-l-[5-(p^ 

c]pyridine as a white solid. 

Ammonium acetate (15 g, 0.20 mol) and 6,7-dimethyl-4-phenoxy-2-propyl-l-[5- 

10 (pyridine-2-sulfonyl)pentyl]-li/-imidazo[4,5-c]pyridine (1.54 g, 3.13 mmol) were heated 
at 160 °C in a sealed tube for 16 hours. The solution was allowed to cool to room 
temperature and partitioned between chloroform (30 mL) and 1 M sodium hydroxide (30 
mL). The aqueous solution was then extracted with chloroform (3 x 30 mL). The 
combined organic solutions were washed, dried, filtered, and concentrated as described in 

1 5 Example 85 to provide 1 .47 g of an off-white foam. The crude product was recrystallized 
from acetonitrile to provide 672 mg of 6,7-dimethyl-2-propyl-l-[5-(pyridine-2- 
sulfonyl)pentyl]4iy-imidazo[4,5-c]pyridin-4-amine as a white powder, mp 143.0-144.5 

°C. 

] H NMR (300 MHz, CDC1 3 )5 8.74 (ddd, J= 4.6, 1.7, 1.1, 1H), 8.08 (ddd, J= 7.8, 1.1, 
20 1.1, 1H), 7.98 (ddd, J= 7.8, 7.5, 1.7, 1H), 7.55 (ddd, J= 7.5, 4.6, 1.1, 1H), 4.80 (br s, 2H), 
4.18 (dd, J= 7.7, 7.7, 2H), 3.40 (dd, /= 7.7, 7.7, 2H), 2.73 (dd, 7.7, 7.7, 2H), 2.43 (s, 
3H), 2.40 (s, 3H), 1.95-1.68 (m, 6H), 1.60-1.48 (m, 2H), 1.05 (t, J= 7.4, 3H); 
MS (APCI) m/z 416 (M+H) + ; 

Anal. Calcd for Qif^NsC^S: C, 60.70; H, 7.03; N, 16.85; Found: C, 60.54; H, 6.97; N, 
25 16.76. 

Example 88 

l-[5-(Benzenesulfonyl)pentyl]-6,7-dimethyl-2-propyl-lH-imidazo[4,5-c]pyri 

Ammonium acetate (18 g, 0.23 mol) and l-[5-(benzenesulfonyl)pentyl]-6,7- 
30 dimethyl-4-phenoxy-2-propyl-lH-imidazo[4,5-c]pyridine (1.74 g, 3.54 mmol) were heated 
at 165 °C in a sealed tube for 8 hours with stirring. Following the work-up, an analysis by 
NMR indicated that starting material was present; additional ammonium acetate was 



205 



WO 03/103584 



PCT/US03/17659 



added (18 g, 0.23 mol), and the reaction was continued overnight at 160 °C. The solution 
was allowed to cool to room temperature and partitioned between chloroform (100 mL) 
and 1 M sodium hydroxide (75 mL). Following the work-up, the crude product (1.37 g) 
was purified by column chromatography on silica gel (eluting with 97:3:0.1 
5 dichloromethane:methanol:ammonium hydroxide) and then recrystallized from 

acetonitrile to provide 0.715 g of l-[5-(benzenesulfonyl)pentyl]-6,7-dimethyl-2-propyl- 
l#-imidazo[4,5-c]pyridin-4-amine as a white powder, mp 134.0-136.0 °C with a phase 
change at 122-125 °C. 

] H NMR (300 MHz, CDC1 3 ) 8 7.89 (d, J= 7.7, 2H), 7.67 (t, J= 7.7, 1H), 7.57 (t, J= 7.7, 
10 2H), 4.80 (br s, 2H), 4.16 (dd, J= 7.8, 7.8, 2H), 3.08 (dd, J= 7.7, 7.7, 2H), 2.72 (dd, J= 
7.7, 7.7, 2H), 2.43 (s, 3H), 2.39 (s, 3H), 1.91-1.65 (m, 6H), 1.53-1.41 (m, 2H), 1.05 (t, J= 
7.3, 3H); MS (APCT) m/z 415 (M+H) + ; 

Anal. Calcd for C 2 2H3oN 4 0 2 S: C, 63.74; H, 7.29; N, 13.51; Found: C, 63.77; H, 7.57; N, 
13.55. 
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Example 89 



1 -[4-(Methanesulfonyl)ta^ 



Triethylamine (18.9 g, 136 mmol) was added to a solution of 2,4-dichloro-5,6- 
dimethyl-3-nitropyridine (25 g, 113 mmol) in 7/^V-dimethylformamide (100 mL). 4- 
Aminobutan-l-ol (1 1 .1 g, 124. mmol) was added with a syringe and the reaction mixture 
was allowed to stir under a nitrogen atmosphere at ambient temperature for 17 hours. A 

1 0 portion (85 mL) of the solvent was removed under reduced pressure. The residue was 
diluted with ethyl acetate (200 mL), washed with water (2 x 50 mL) then with brine (75 
mL), dried over magnesium sulfate, filtered and then concentrated under reduced pressure 
to provide a solid. This material was recrystallized from ethyl acetate/hexanes to provide 
15.07 g of 4-[(2-cUoro-5,6-dimethyl-3-nitropyridin-4-yl)amino]butan-l-ol as yellow 

15 powder. An additional 5.70 g was isolated from the mother liquor. 
PartB 

Sodium hydride (4.38 g of 60% dispersion in mineral oil, 109.6 mmol) was added 
to chilled dioxane (73 mL). Phenol (10.31 g, 109.6 mmol) was added in portions with 
cooling. 

20 4^(2-CWoro-5,6-dimethyl-3-ni1ropyridin-4-yl)amino]butan-l-ol (20.00 g, 93.07 mmol) 
and additional dioxane (-30 mL) were added. The reaction mixture was heated at reflux 
for 3 hours and then allowed to stand at ambient temperature overnight. The reaction 
mixture was concentrated under reduced pressure. The residue was diluted with water 
(200 mL) and then extracted with ethyl acetate (300 mL). The extract was washed with 

25 water (2 x 1 00 mL) then with brine, dried over magnesium sulfate, filtered and then 
concentrated under reduced pressure to provide an oil. The oil was purified by flash 




5 



Part A 
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chromatography (600 mL of silica gel, eluting initially with 2000 mL 1:3 ethyl 
acetate:hexanes, then with 2000 mL 1:1 ethyl acetate:hexanes and finally with 1000 mL 
3:1 ethyl acetate: hexanes) to provide 13.46 g of 4-[(2,3-dimethyl-5-nitro-6- 
phenoxypyridin-4-yl)arnino]butan-l-ol as a yellow solid. 
PartC 

Thionyl chloride (3.14 mL, 43 mmol) was added over a period of 5 minutes to a 
chilled (0 °C) solution of 4-[(2,3-dimethyl-5-mtro-6-pta 

ol (12.95 g, 39.08 mmol) in dichloromethane (130 mL). The reaction was allowed to 

■ 

warm to ambient temperature and was stirred overnight under a nitrogen atmosphere. The 
reaction mixture was diluted with dichloromethane (130 mL), washed sequentially with 
saturated aqueous sodium bicarbonate (2 x 65 mL), water (80 mL) and brine (100 mL), 
dried over magnesium sulfate, filtered and then concentrated under reduced pressure to 
provide 12.57 g of A r -(4-chlorobulyl)-2,3-dimethyl-5-nitro-6-phenoxypyridin-4-am^ as a 
yellow solid. 
PartD 

A solution of sodium dithionite (35.13 g, 171.5 mmol), available as approximately 
85% pure sodium hydrosulfite, in water (130 mL) was added to a mixture of A^-(4- 
chlorobutyl)-2,3-dimethyl-5-nitro-6-phenoxypyridin-4-amine (12 g, 34 mmol) and ethanol 
(340 mL). The mixture was stirred for 1.5 hours. Analysis by thin layer chromatography 
indicated that the reaction was not complete. Solid sodium dithionite (5 g) was added and 
the reaction was allowed to stir for an additional 3 hours. The reaction mixture was 
filtered to remove solids. The filtrate was concentrated under reduced pressure until -50 
mL of solvent remained. The residue was diluted with dichloromethane (300 mL), washed 
sequentially with aqueous sodium bicarbonate, water and brine, dried over magnesium 
sulfate, filtered and then concentrated under reduced pressure to provide 9.5 g of 7\r-(4- 
chlorobutyl)-5,6-dimethyl-2-phenoxypyridine-3,4-diamine as a brown oil. 
PartE 

The oil from Part D was combined with toluene (90 mL), trimethyl orthobutyrate 
(6.04 mL, 148 mmol), and pyridine hydrochloride (0.9 g). The reaction mixture was 
heated at reflux for 30 minutes; trimethyl orthobutyrate (1 mL) was added and the reaction 
mixture was heated at reflux for 1 .5 hr and then allowed to cool to ambient temperature. 
The reaction mixture was diluted with ethyl acetate, washed sequentially with water and 
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brine, dried over magnesium sulfate, filtered and then concentrated under reduced 
pressure. The residue was purified by flash chromatography (silica gel eluting with 1 :4 to 
1:1 ethyl acetate:hexanes) to provide 5.44 g of l-(4-chlorobutyl)-6,7-dimethyl-4-phenoxy- 
2-propyl- l#-imidazo[4,5-c]pyridine. 
PartF 

Sodium thiomethoxide (0.927 g, 13.2 mmol) was added to a solution of l-(4- 
chlorobutyl)-6,7-dimethyl-4-pte (4.1 g, 11.0 

mmol) in iV^-dimethylformamide (30 mL). The reaction mixture was stirred under a 
nitrogen atmosphere at ambient temperature for 75 minutes. Sodium thiomethoxide (0.08 
g) was added and the reaction was stirred for an additional 105 minutes. The reaction 
mixture was diluted with ethyl acetate (300 mL), washed sequentially with water (3 x 50 
mL) and brine (50 mL), dried over magnesium sulfate, filtered and then concentrated 
under reduced pressure to provide 4.53 g of 6,7-dimethyl-l-[4-(methane1hio)butyl]-4-. 
phenoxy-2-propyl-liWmidazo[4,5-c]pyridine as a brown oil that solidified after a few 
hours. 
PartG 

3-Chloroperoxybenzoic acid (2.72 g of 77%) was added to a chilled (0 °C) solution 
of the material from Part F in dichloromethane (55 mL). A short time later more 3- 
chloroperoxybenzoic acid (2.72 g of 77%) was added and the reaction mixture was stirred 
at 0 °C for 30 minutes. The reaction mixture was diluted with dichloromethane (250 mL), 
washed sequentially with aqueous sodium bicarbonate (2 X 100 mL), water (100 mL) and 
brine (100 mL), dried over magnesium sulfate, filtered and then concentrated under 
reduced pressure to provide a pink oil. The oil was dissolved in dichloromethane, diluted 
with ethyl acetate and hexanes, and then concentrated under reduced pressure until a 
precipitate formed. The precipitate was isolated by filtration, washed with 1:1 ethyl 
acetate: hexanes (40 mL), and dried under high vacuum to provide 3.84 g of l-[4- 
(methanesulfonyl)butyl]-6,7-dimethyM as 
a white solid. 
PartH 

Ammonium acetate (45.24 g) and l-[4-(methanesulfonyl)butyl]-6,7-dimethyl-4- 
phenoxy-2-propyl-177-imidazo[4,5-c]pyridine (3.77 g, 9.07 mmol) were combined and 
heated at 160 °C for about 19 hours. The reaction mixture was allowed to stand at ambient 
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temperature for 2 days. The reaction mixture was partitioned between dichloromethane 
(300 mL) and water. The layers were separated. The aqueous layer was made basic with 
5% sodium hydroxide and then extracted with dichloromethane (2 x 100 mL). The 
combined organics were washed with aqueous 5% sodium hydroxide, dried over sodium 

5 sulfate, filtered and then concentrated under reduced pressure to provide a white solid. 
This material was recrystallized from acetonitrile to provide -2 g of a white solid. This 
material was further purified by flash chromatography (silica gel, eluting sequentially with 
1 % methanol in dichloromethane containing ,0.1 % ammonium hydroxide, 2 % methanol 
in dichloromethane containing 0.1 % ammonium hydroxide, 4 % methanol in 

10 dichloromethane containing 0. 1 % ammonium hydroxide and 10 % methanol in 

dichloromethane containing 0.1 % ammonium hydroxide) to provide a white solid This 
material was recrystallized from acetonitrile and dried under high vacuum at 60 °C to 
provide 1.3 g of l-[4-(methanesulfonyl)butyl]-6,^^ 
c]pyridin-4-amine as white needles, mp 152.0-153.0 °C. 

15 l HNMR (300 MHz, CDC1 3 ) 6 4.82 (br s, 2H), 4.25 (m, 2H), 3.03 (t, J= 6.9 Hz, 2H), 2.92 
(s, 3H), 2.76 (m, 2H), 2.44 (s, 3H), 2.43 (s, 3H), 2.00-1.81 (m, 6H), 1.07 (t, J= 7.5 Hz, 
3H); l3 C NM£ (75 MHz, CDCI3) 5 153.0, 148.2, 146.5, 138.8, 125.2, 103.9, 53.7, 43.8, 
40.8, 30.4, 29.3, 21.9, 21.2, 19.1, 13.9, 12.9; 
MS (APCI) m/z 339 (M + H) + ; 

20 Anal. Calcd for C^Cb^S: C, 56.77; H, 7.74; N, 16.56; S, 9.47. Found: C, 56.46; H, 
7.67; N, 16.36; S,9.29. 



\ 
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Example 90 
l-[3-(Methanesulfonyl)propyl]-6,7-d^ 




o 

5 

Part A 

Using the general method of Example 89 Part A, 3-aminopropan-l-ol (9.52 mL, 
124 mmol) was reacted with 2,4-dichloro-5,6-dimethyl-3-nitropyridine (25 g, 113 mmol) 
to provide 17. 35 g of 34(2-chloro-5>6-dimethyl-3-m^ as 
10 a yellow solid. 
PartB 

Sodium hydride (7.80 g of a 60% dispersion in mineral oil, 195 mmol) was added 
in portions to a chilled (0 °C) solution of phenol (18.36 g, 195 mmol) in tetrahydrofuran 
(200 mL). After the addition was completed the reaction mixture was allowed to stir at 

15 ambient temperature for 30 minutes. Solid 3-[(2-chloro-5,6~dimethyl-3-nitropyridin-4- 
yl)amino]propan-l-ol (16.89 g, 65.0 mmol) was added and the reaction mixture was 
heated at reflux for 5 days. The reaction mixture was concentrated under reduced 
pressure. The residue was partitioned between ethyl acetate (400 mL) and water (100 
mL). The organic layer was separated, washed with brine, dried over sodium sulfate, 

20 filtered and then concentrated under reduced pressure. The residue was purified by flash 
chromatography (500 mL silica gel eluting with a gradient of 30 - 75% ethyl acetate in 
hexanes) and then heated under high vacuum until it melted. The melt solidified to 
, provide 11.54 g of 3-[(2,3-dimethyl-5-nitro-6-phenoxy^^ 
PartC 

25 Thionyl chloride (2.86 mL, 39.2 mmol) was added to a chilled (0 °C) solution of 3- 

[(2,3-dimethyl-5-nitro-6-phenoxypyridin^-yl)amino]propan-l-ol (11.3 g, 35.6 mmol) in 
dichloromethane (170 mL). The reaction mixture was stirred at ambient temperature for 
0.5 hr and then heated at reflux for 0.5 hr. The reaction mixture was allowed to cool to 
ambient temperature. A precipitate was isolated by filtration and then dried under vacuum 
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to provide 13.64 g of AK3-cMoropropyl)-2,3-dimethyl-5-nitro-6^ 

hydrochloride. 

PartD 

N-(3-cMoropropyl)-23-dimetty^ 
(12.62 g, 33.72 mmol), l^'-di-n-oclyM^-bipyridiniiim dibromide (dioctyl viologen) (910 
mg, 1 .69 mmol), dichloromethane (227 mL), water (28 mL) and potassium carbonate 
(2.33 g, 16.9 mmol) were added sequentially to a 1 L round bottom flask. The reaction 
mixture was allowed to stir under nitrogen. A solution of of potassium carbonate (23.30 g, 
168.6 mmol) and sodium dithionite (26.42 g, 174.1 mmol) in water (1 14 mL) was added to 
the reaction mixture. The reaction mixture was heated at reflux for about 2.5 hr and then 
allowed to cool to ambient temperature. The layers were separated. The aqueous layer 
was extracted with dichloromethane (100 mL). The combined organics were dried over 
sodium sulfate, filtered and then concentrated under reduced pressure to provide ^-(3- 
cUoropropyl)-5 5 6-dimethyl-2-phenoxypyridine-3,4-diamine as a brown sludge. This 
material was used directly in the next step. 
PartE 

Using the general method of Example 89 Part E, the material from Part D was 
reacted with trimethyl orthobutyrate (6.48 mL, 40.5 mmol) and purified to provide 9.10 g 
of l-(3-chloropropyl)-6,7^imethyl-4-pte^ as a 

white solid. 
PartF 

Using the general method of Example 89 Part F, l-(3-chloropropyl)-6,7-dimethyl- 
4-phenoxy-2-propyM#4midazo[4,5-c]pyridine (4 g, 1 1 .2 mmol)) was reacted with 
sodium thiomethoxide (0.940 g, 13.4 mmol) to provide 3.54 g of 6,7-dimethyH-[3- 
(methanethio)propyl]-4-phenoxy-2-propyM^-imidazo[4,5-c]pyridine as a white solid. 

Part G 

Using the general method of Example 89 Part G, 6,7-dimethyl-l-[3- 
(methyltWo)propyl]-4-phenoxy-2-propyl4J7-iniidazo[4,5-c]pyridine (3.41 g, 9.23 mmol) 
was oxidized to provide 2.39 g of l-[3-(methanesulfonyl)propyl]-6,7-dimethyl-4-phenoxy- 
2-propyl-l#-inndazo[4,5-c]pyridine as a white solid. 
PartH 
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Using the general method of Example 89 Part H, l-[3-(methanesulfonyl)propyl]- 
6J-dimethyl-4-phenoxy-2-propyl-l//-imidazo[4,5-c]pyridine (2.1 g, 5.23 mmol) was 
reacted with ammonium acetate (25 g) and purified to provide 1.14 g of l-[3- 
(methanesulfonyl)propyl]-6,7-dim^ 
5 white needles, mp 153.5-155.0 °C. ! H NMR (300 MHz, CDC1 3 ) 5 4.83 (br s, 2H), 4.48- 
4.42 (m, 2H), 3.07 (t, J= 7.1 Hz, 2H), 2.95 (s, 3H), 2.82-2.77 (m, 2H), 2.45 (s, 6H), 2.35- 
2.25 (m, 2H), 1.94-1.81 (m, 2H), 1,07 (t, J= 7.3 Hz, 3H); 13 C NMR (75 MHz, CDCI3) 5 
153.2, 148.3, 147.1, 138.9, 125.4, 104.0, 51.2, 42.9, 41.3, 29.5, 24.3, 22.1, 21.5, 14.0, 
13.1; 

10 MS (APCI) m/z 325 (M + H) + ; 

Anal. Calcd for C15H24O2N4S: C, 55.53; H, 7.46; N, 17.27; S, 9.87. Found: C, 55.53; H, 
7.44; N, 17.27; S, 9.90. 

Example 91 
15 l-[6-(Methanesulfonyl)hexyl]-6,7-dim^ 




Part A 

20 Using the general method of Example 89 Part A, 6-aminohexan-l-ol (15.91 g, 

135.7 mmol) was reacted with 2,4-dichloro-5,6-dimethyl-3-nitropyridine (30 g, 136 mmol) 
to provide 14.79 g of 6-[(2-chloro-5,6-dimethyl-3-nitropyridin-4-yl)amino]hexan-l-ol as a 
yellow solid. 
PartB 

25 Using the general method of Example 90 Part B, 6-[(2-chloro-5,6-dimethyl-3- 

nitropyridin-4-yl)amino]hexan-l-ol (14.00 g, 46.39 mmol) was reacted with sodium 
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phenoxide to provide 12.40 g of 6-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4- 

yl)amino]hexan-l-ol as a yellow powder. 

PartC 

Using the general method of Example 89 Part C, 6-[(2,3-dimethyl-5-nitro-6- 
5 phenoxypyridin-4-yl)amino]hexan-l-ol (1 1 .97 g, 33.30 mmol) was chlorinated to provide 
12.24 g of iV-(6-chlorohexyl)-2 3 3-dimethyl-5-nitro-6-phenoxypyridin-4-amine as a yellow 

solid. 
PartD 

A solution of sodium dithionite (24.01 g, 137.9 mmol) in water (90 mL) was added 

10 to a mixture of AK6-cMorohexyl)-23-dmethyl^ C 1 °- 42 

g, 27.58 mmol) and ethanol (276 mL). After about 4 hours sodium dithionite (6.71 g) in 
water (20 mL) was added to the reaction mixture. About 1 hour later tetrahydrofuran (100 
mL) was added. When analysis by thin layer chromatography indicated that the reaction 
was complete, the reaction mixture was filtered to remove solids. The solids were rinsed 

1 5 with ethanol. The rinses and the filtrate were concentrated under reduced pressure. The 
residue was diluted with toluene (200 mL) and then concentrated under reduced pressure 
to remove the bulk of the solvent. The residue was partitioned between ethyl acetate (200 
mL) and water (50 mL). The aqueous layer was separated, combined with saturated 
aqueous sodium bicarbonate to adjust to pH 8 and then extracted with ethyl acetate. The 

20 combined organics were washed with brine (100 mL), dried over sodium sulfate, filtered 
and then concentrated under reduced pressure. The residue was combined with toluene 
and then concentrated under reduced pressure to provide 12.12 g of JV^-chlorohexyl)- 
5 ,6-dimethyl-2-phenoxypyridine-3 ,4-diamine. 
PartE 

25 Using the general method of Example 89 Part E, the material from Part D was 

reacted with trimethyl orthobutyrate (4.86 mL, 30.3 mmol) and purified to provide 2.4 g of 
1 -(6-chlorohexyl)-6,7-dimethyl-4-phenoxy-2-propyl- l#-imidazo[4,5-c]pyridine as an off- 
white solid. 
PartF 

30 Using the general method of Example 89 Part F, l-(6-chlorohexyl)-6,7-dimethyl-4- 

phenoxy-2-propyM/7-imidazo[4,5-c]pyridine (2.0 g, 5.0 mmol) was reacted with sodium 
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thiomethoxide (0.421 g, 6.00 mmol) to provide 2.17 g of 6,7-dimethyl-l-[6- 
(methanethio)hexyl]-4-phenoxy-2-propyl-li/-imidazo[4,5-c]pyridiiie as a yellow oil. 

PartG 

Using the general method of Example 89 Part G, the material form Part F was 
oxidized to'provide ~ 1 g of l-[6<memanesulfonyl)hexyl]-6J-dimethyl-4-phenoxy-2- 
propyl-l#-imidazo[4,5-c]pyridine as a colorless oil. 
PartH 

Using the general method of Example 89 Part H, the material form Part H was 
reacted with ammonium acetate (12.36 g) and purified to provide 0.37 g of l-[6- 
(memanesulfonyl)hexyl]-6J-dimemyl-2-propyl4H-inndazo[4 s 5-c]pyri off 

white crystals, mp 157.0-158.0 °C. 

l H NMR (300 MHz, CDC1 3 ) 5 4.81 (br s, 2H), 4.18 (m, 2H), 2.99 (m, 2H), 2.89 (s, 3H), 
2.76 (m, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.93-1.71 (m, 6H), 1.57-1.40 (m, 4H), 1.07 (t, J= 
7.5 Hz, 3H); 13 C NMR (75 MHz, CDC1 3 ) 8 153.3, 148.1, 146.6, 139.1, 125.4, 104.2, 54.4, 
44.5, 40.6, 31.6, 29.5, 28.1, 26.1, 22.1, 21.4, 14.0, 13.0; 
MS (APCI) m/z 367 (M + H) + ; 

Anal. Calcd for QsHhA^S: C, 58.98; H, 8.25; N, 15.29; S, 8.75. Found: C, 58.85; H, 
8.55; N, 15.34; S, 8.75. 
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Example 92 

l-[5-(4-Fluorobenzenesulfon^^ 

4-amine 




5 Part A 

The preparation of 5-(2-cMoro-5,6-dimethyl-3-nitropy^ 
was described in Part A of Example 85. Under a nitrogen atmosphere, cerium (HI) 
chloride heptahydrate (8.08 g, 21.7 mmol) and sodium azide (5.64 g, 86.8 mmol) were 
added to a solution of 5-(2-chloro-5,6-dimethyl-3-nitropyridin-4-ylanimo)pentan-l-ol 

10 (12.48 g, 43.38 mmol) in a 9:1 mixture of acetonitrile and water (145 mL). The reaction 
was stirred and heated at reflux for two days then allowed to cool to room temperature. A 
precipitate was removed by filtration and washed with acetonitrile. The filtrate was 
concentrated under reduced pressure to provide 12.13 g of 5-[(5,6-dimethyl-8- 
nitrotetrazolo[l 3 5-a]pyridin-7-yl)amino]pentan-l-ol as a yellow solid. 

15 PartB 

Using the general method described in Part C of Example 85, 5-[(5,6-dimethyl-8- 
nitrotetrazolo[l,5-<3]pyridin-7-yl)amino]pentan-l-ol (12.1 g, 41.2 mmol) was converted to 
13.3 g of (5-chloropentyl)-5,6-dimethyl-8-nitrote^ which 
was isolated as a dark brown semi-solid. 
20 PartC 

Under a nitrogen atmosphere, a solution of potassium carbonate (28.46 g, 205.9 
mmol) and sodium dithionite (32.26 g, 185.3 mmol) in water (100 mL) was added 
dropwise to a solution of the material from Part B (13.8 g, 42 mmol) and dioctyl viologen 
(1.17 g, 2.06 mmol) in dichloromethane (275 mL) and water (35 mL). The addition funnel 
25 was rinsed with additional water (37 mL), which was added to the reaction. The reaction 
was heated at reflux for three hours. The aqueous layer was extracted with 
dichloromethane (3 x 50 mL), and the combined organic solutions were dried over sodium 
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• 7 

sulfate, filtered, and concentrated under reduced pressure to provide 11.5 g of N -(5- 
cMoropentyl)-5,6-dimethyl-tefr^ as a brown solid. 

PartD 

7 

The general method described in Part E of Example 85 was used to convert N -(5- 
chloropentyl)-5,6-dimethyl4etra^ (11.5 g, 40.7 mmol) to 7- 

(5-cMoropentyl)-5,6-dimethyl-8-propyl^ The 
crude product was purified by column chromatography on silica gel (eluting sequentially 
with 3:1 ethyl acetate:hexane and ethyl acetate) to yield a yellow solid, which was 
recrystallized from ethyl acetaterhexane to provide 9.2 g of the product as a white solid. 
PartE 

The general method described in Parts F and G of Example 85 was used to convert 
7-(5-chloropentyl)-5,6-dime^ 

g, 5.0 mmol) to 7-[5-(4-fluorobenzenesulfonyl)pentyl]-5,6-dimethyl-8-propyl-7H- 
imidazo[4,5-c]tetrazolo[l,5-a]pyridine. 4-Fluorobenzenethiol was used in lieu of 4- 
chlorobenzenethiol. Following the oxidation with mCPBA, the crude product was purified 
by column chromatography on silica gel (eluting with ethyl acetate) to yield 1.71 g of the 
pure product as a white solid. 
PartF 

A mixture of 7-[5-(4-fluorobenzenesulfonyl)pentyl]-5,6^imethyl-8-propyl-7H- 
unidazo[4,5-c]tetrazolo[l,5-a]pyridine (1.61 g, 3.51 mmol), trifluoroacetic acid (15 mL) 
and platinum (IV) oxide were added to a Parr vessel and agitated under hydrogen pressure 
(50 psi, 3.4 x 10 5 Pa) for two days. The reaction mixture was filtered through a layer of 
CELITE filter aid, and the filter cake was washed with methanol. The filtrate was 
concentrated under reduced pressure, and the black residue was stirred in concentrated 
hydrochloric acid (10 mL) for 1.5 hours. The solution was treated with 1 N aqueous 
sodium hydroxide (100 mL) and solid sodium hydroxide until the solution exhibited a pH 
of 14. The solution was extracted with chloroform (3 x 80 mL), and the combined extracts 
were dried over sodium sulfate, filtered, and concentrated under reduced pressure to 
provide 1 .8 g of the crude product as a white foam. The crude product was purified by 
column chromatography on silica gel (eluting with 98:2 chloroform:methanol) and 
recrystallized from ethyl acetaterhexane. The solid was triturated with ethyl acetate and 
dried at 70 C C in a vacuum oven overnight to provide 0.57 g of 1 -[5-(4- 
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fluorobenzenesulfonyl)pentyl]-6,7-dimefr^ 

■ 

as a white powder, mp 130.0-132.0 °C. 

*H NMR (300 MHz, CDC1 3 ) 5 7.94-7.88 (m, 2H), 7.29-7.20 (m, 2H), 4.81 (br s, 2H), 4.17 
(dd, J= 7.7, 7.7, 2H), 3.07 (dd, J= 7.7, 7.7, 2H), 2.73 (dd, J= 7.7, 7.7, 2H), 2.43 (s, 3H), 
5 2.40 (s, 3H), 1.91-1.69 (m, 6H), 1.54-1.43 (m, 2H), 1.05 (t, /= 7.4, 3H); 
MS (APCI) mfz 433 (M+H) + ; 

Anal. Calcd for C22H29FN4O2S: C, 61.09; H, 6.76; N, 12.95; Found: C, 61.05; H, 7.04; N, 
13.00. 

10 Example 93-96 

The general methods described in Example 92 were used for Examples 93-96. The 
reagent selected in lieu of 4-chlorobenzenethiol in Part E of Example 92 is shown in the 
table below for Examples 93-96. The oxidation products from Part E were purified by 
trituration with ethyl acetate. A description of the isolation of the final compounds, 

1 5 obtained after Part F, follows. 




O 



Example Number 


Reagent for Part E 


R 


93 


2,4-difluorobenzenethiol 


F 


94 


4-methoxythiophenol 




95 


2,4-dichlorobenzenethiol 




96 


Sodium thiomethoxide 


-CH 3 
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Example 93 

l-[5-(2,4-Difluorobenzenesulfon^ 

c]pyridin-4-amine 

The crude product was purified by flash chromatography on silica gel (eluting with 
98:2 chloroform:methanol) to yield a white foam that was recrystallized from 2-propanol. 
After the product was dried under reduced pressure, 1 .27 g of the product was obtained as 
a white powder, mp 130.0-132.0 °C. 

l H NMR (300 MHz, CDC1 3 ) 8 8.01-7.89 (m, 1H), 7.12-6.94 (m, 2H), 4.82 (br s, 2H), 4.18 
(dd, J= 7.7, 7.7, 2H), 3.26 (dd, J= 7.7, 7.7, 2H), 2.73 (dd, 7.7, 7.7, 2H), 2.43 (s, 3H), 
2.39 (s, 3H), 1.91-1.64 (m, 6H), 1.54-1.41 (m, 2H), 1.06 (t, J= 7.4, 3H); 
MS (APCI) m/z 451 (M+H) + ; 

Anal. Calcd for C^IkgFaN^S: C, 58.65; H, 6.26; N, 12.44; Found: C, 58.75; H, 6.42; 
N, 12.32. 

Example 94 

l-[5-(4-Methoxybenzenesulfonyl)pentyl]-6J^^ 

c]pyridin-4-amine 

The crude product was purified by flash chromatography on silica gel (eluting with 
98:2 chloroform:methanol) to yield a colorless oil that was recrystallized from acetonitrile. 
After the product was dried under reduced pressure, 0.725 g of the product was obtained 
as a white powder, mp 130.5-132.0 °C. 

*H NMR (300 MHz, CDC1 3 ) 8 7.81 (d, J= 8.9, 2H), 7.02 (d, J= 8.9, 2H), 4.82 (br s, 2H), 
4.16 (dd, J= 7.7, 7.7, 2H), 3.05 (dd, J= 7.7, 7.7, 2H), 2.73 (dd, 7.7, 7.7, 2H), 2.43 (s, 
3H), 2.39 (s, 3H), 1.91-1.64 (m, 6H), 1.55-1.41 (m, 2H), 1.05 (t, J= 7.4, 3H); 
MS (APCI) m/z 445 (M+H) + ; 

Anal. Calcd for C23H32N4O3S: C, 62.14; H, 7.26; N, 12.60; Found: C, 62.14; H, 7.43; N, 
12.60. 

Example 95 

l-[5-(2,4-Dichlorobenzenesulfonyty 

c]pyridin-4-amine 
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After the crude product was recrystallized from acetonitrile, 0.614 g of the product 
was obtained as a white powder, mp 130.0-131.5 °C. 

"H NMR (300 MHz, CDC1 3 ) 5 8.04 (d, J= 8.6, 1H), 7.57 (d, J= 2.0, 1H), 7.46 (dd, J= 
8.6, 2.0, IH), 4.83 (br s, 2H), 4.18 (dd, J= 7.7, 7.7, 2H), 3.37 (dd, J= 7.6, 7.6, 2H), 2.73 
5 (dd, J= 1.1, 1.1, 2H), 2.44 (s, 3H), 2.40 (s, 3H), 1 .92-1 .66 (m, 6H), 1 .59-1 .46 (m, 2H), 
1.06 (t,J= 7.4, 3H); 
MS (APCI) m/z 483 (M) + ; 

V 

Anal. Calcd for C22H28CI2N4O2S: C, 54.66; H, 5.84; N, 11.59; Found: C, 54.58; H, 5.65; 
N, 11.58. 

10 

Example 96 
H5-(Methanesulfonyl)pentyl]~6,7-dim^ 

A modification of Part E of Example 92 was used; a slurry of sodium methoxide 
(0.64 g, 9.1 mmol) in DMF (10 mL) was added to a solution of 7-(5-chloropentyl)-5,6- 
15 dimethyl-8-propyl-7#-i^ (2.35 g, 7.02 mmol) at 0 °C. 

The synthesis was completed as described in Parts E and F or Example 92. The crude 
product was recrystallized from acetonitrile and dried under reduced pressure to yield 1.73 
g of the desired product as a white powder, mp 145.0-146.0 °C. 
'H NMR (300 MHz, CDC1 3 ) 8 4.82 (br s, 2H), 4.18 (dd, J= 7.7, 7.7, 2H), 3.01 (dd, /= 
20 7.7, 7.7, 2H), 2.90 (s, 3H), 2.75 (dd,/= 7.7, 7.7, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.96-1.74 
(m, 6H), 1.61-1.51 (m, 2H), 1.07 (t, J= 7.4, 3H); 
MS (APCI) m/z 353 (M+H) + ; 

Anal. Calcd for C17H28N4O2S: C, 57.93; H, 8.01; N, 15.89; Found: C, 57.82; H, 8.26; N, 
15.76. 

25 

Examples 97-99 

The general methods described in Example 92 were used for Examples 97-99. In 
Part A, 3-amino-l-propanol was used in lieu of 5-amino-l-pentanol. The purification in 
Part D was carried out by column chromatography on silica gel (eluting with 95:5 
30 chloroform:methanol) followed by trituration with ethyl acetate:hexane. The thiol selected 
in Part E of Example 92 is shown in the table below for Examples 97-99. The oxidation 
products from Part E were purified by trituration with ethyl acetate. 
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Example Number 


Thiol 


R 


97 


4-chlorobenzenethiol 




98 


2-mercaptopyridine 


N=\ 


99 


4-mercaptoethylbenzoate a 





a) preparation described below 



Example 97 

l-[3-(4-CMorobenzenesulfonyl)propyl]-6,7-d1m 

4-amine 

The crude product was triturated with ethyl acetate and dried at 60 °C under high 
vacuum for three days to provide 1.037 g of the desired product as a white powder, mp 
186.5-188.0 °C. 

! H NMR (300 MHz, CDC1 3 ) 5 7.81 (d, /= 8.8, 2H), 7.55 (d, J= 8.7, 2H), 4.83 (br s, 2H), 
4.39 (dd, 7= 7.8, 7.8, 2H), 3.10 (dd, J= 7.3, 7.3, 2H), 2.75 (dd, J— 7.7, 7.7, 2H), 2.42 (s, 
3H), 2.35 (s, 3H), 2.24-2.14 (m, 2H), 1.91-1.78 (m, 2H), 1.05 (t, J= 7.3, 3H); 
MS (APCI) m/z 421 (M) + ; 

Anal. Calcd for C20H25CIN4O2S: C, 57.06; H, 5.99; N, 13.31; Found: C, 57.04; H, 6.14; N, 
13.23. 
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Example 98 

6,7-Dimethyl-2 T propyl-l-[3-(p 

amine 

The crude product was irecrystallized from acetonitrile and then purified by column 
5 chromatography on a Biotage Horizon™ High-Performance Flash Chromatography 
instrument. A second recrystallization from acetonitrile provided 0.180 g of the desired 
product as a off-white powder, mp 172.0-173.5 °C. 

*H NMR (300 MHz, CDC1 3 ) 8 8.69 (ddd, J= 4.7, 1.7, 1.0, 1H), 8.09 (ddd, J= 7.8, 1.2, 
1.0, 1H), 7.98 (ddd, J= 7.8, 7.8, 1.7, 1H), 7.57 (ddd, J= 7.8, 4.7, 1.2, 1H), 4.83 (br s, 2H), 
10 4.42 (dd, J= 7.9, 7.9, 2H), 3.49 (dd, 7= 7.3, 7.3, 2H), 2.77 (dd, J= 7.7, 7.7, 2H), 2.42 (s, 
3H), 2.38 (s, 3H), 2.29-2.17 (m, 2H), 1.92-1.78 (m, 2H), 1.06 (t, J= 7.4, 3H); 
MS (APCI) m/z 388 (M + H) + ; 

Anal Calcd for C19H25N5O2S: C, 58.89; H, 6.503; N, 18.07; Found: C, 58.51; H, 6.37; N, 
17.80. 

15 

Example 99 
4-[3-(4-Airtino-6,7-dimethyl-2-propy 

sulfonyljbenzoic acid ethyl ester 
Ethyl-4-mercaptobenzoate was prepared by treating 4-mercaptobenzoic acid (1.50 
20 g, 9.73 mmol) with ethanol (97 mL) in the presence of catalytic concentrated sulfuric acid 
under a nitrogen atmosphere. The reaction was heated at reflux for three hours. The 
volume of the reaction was reduced to 10 mL under reduced pressure and then partitioned 
between water (100 mL) and ethyl acetate (100 mL). The aqueous layer was extracted 
with ethyl acetate (3x 100 mL), and the combined organic solutions were washed with 
25 water (75 mL) and saturated aqueous sodium bicarbonate (2 x 75 mL), dried over 

magnesium sulfate, filtered, and concentrated under reduced pressure to provide an oil. 
The oil was dissolved in dichloromethane (100 mL), and the resulting solution was 
extracted with saturated aqueous sodium carbonate (3 x 100 mL). The combined extracts 
were washed with dichloromethane (3 x 50 mL) and then treated with concentrated 
30 hydrochloric acid to adjust to pH 7. The solution was then extracted with dichloromethane 
(3 x 100 mL), and the combined extracts were washed with water (50 mL), dried over 
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magnesium sulfate, filtered, and concentrated under reduced pressure to provide 1 .23 g of 
ethyl-4-mercaptobenzoate as a colorless oil. 

The ethyl -4-mercaptobenzoate was used as described in Part E of Example 92 in 
lieu of 4-fluorobenzenethiol, and the synthesis was completed using the methods described 
5 in Parts E and F of Example 92. The crude product was purified by column 

chromatography on silica gel (eluting sequentially with 98:2 dichloromethane:methanol 
and 95:5 dichloromethane:methanol, and the resulting yellow solid was triturated with 
acetonitrile. The solid was isolated and recrystallized from 2-propanol to provide 1.4 g of 
4-[3-(4-amino-6,7-dimethyl-2-propyl-l^ 



10 sulfonyl]benzoic acid ethyl ester as yellow crystals, mp 169.0-171 .0 °C with a phase 
change at 153-155 °C. 

l H NMR (300 MHz, CDC1 3 ) 5 8.23 (d, J= 8.8, 2H), 7.95 (d, J = 8.6, 2H), 4.83 (br s, 2H), 
4.48-4.37 (m, 4H), 3.14 (dd, 7= 7.3, 7.3, 2H), 2.75 (dd, J= 7.7, 7.7, 2H), 2.41 (s, 3H), 
2.35 (s, 3H), 2.24-2.13 (m, 2H), 1.91-1.77 (m, 2H), 1.43 (t, .7=7.1), 1.05 (t, J=7.3, 3H); 
15 MS (APCI) m/z 459 (M + H) + ; 

Anal. Calcd for C23H30N4O4S: C, 60.24; H, 6.59; N, 12.22; Found: C, 60.22; H, 6.80; N, 

r 

12.20. 



Under a nitrogen atmosphere, aqueous sodium hydroxide (1.5 mL of 1 M) was 
added to a solution of 4-[3-(4-amijio-6,7-dimethyl-2-propyl-li/-inaidazo[4,5-c]pyridin-l^ 
25 yl)propane-l -sulfonyl]benzoic acid ethyl ester (558 mg, 1 .22 mmol), prepared as 

described in Example 99, in methanol (5.5 mL) and THF (5.5 mL), and the reaction was 
stirred for two hours at room temperature. The solvents were removed under reduced 



20 



Example 100 
4-[3-(4-Ammo-6,7-dmethyl-2-propyl^ 

sulfonyl]benzoic acid hydrochloride 




NH 2 
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pressure, and the residual solid was dissolved in water (60 mL). The solution was washed 
with dichloromethane (2 x 20 mL) and ethyl acetate (20 mL) and then treated with 
concentrated hydrochloric acid to adjust to pH 5. A precipitate formed, which was 
isolated by filtration and dried overnight in a vacuum oven at 60 °C. The material was 

5 treated with 1 M hydrochloric acid in diethyl ether, and then the solvent was removed 
under reduced pressure. The resulting white solid was recrystallized from ethanol, and the 
crystals were dissolved in a mixture of 1 N hydrochloric acid and methanol with gentle 
heating. The solution was concentrated under reduced pressure, and the resulting solid 
was dried at 80 °C under high vacuum to provide 240 mg of 4-[3-(4-amino-6,7-dimethyl- 

10 2-propyl-l//-inudazo[4,5-c]pyridin-l-yl)propane-l-sulfonyl]benzoi acid hydrochloride as 
a white powder, mp >250 °C. 

l H NMR (300 MHz, DMSO-rf*) 5 8.18 (d, J= 8.6, 2H), 8.03 (d, J= 8.6, 2H), 7.79 (br s, 
2H), 4.41(dd, J = 7.7, 7.7, 2H), 3.65 (dd, J= 7.3, 7.3, 2H), 2.79 (dd, J= 7.7, 7.7, 2H), 2.41 
(s, 3H), 2.29 (s, 3H), 2.03-1.91 (m, 2H), 1.81-1.69 (m, 2H), 0.96 (t, 7.5, 3H); 
1 5 MS (APCI) m/z 43 1 (M + H - HC1) + ; 

Anal. Calcd for C21H27CIN4O4S: C, 52.01; H, 5.92; N, 1 1 .56; Found: C, 51.62; H, 5.86; 
N, 11.41. 

Example 101 

20 {4-[3-(4-Amino-6,7-dimethyl-2-propyl-l^ 

sulfonyl]phenyl}morpholin-4-ylmethanone 




O 



Part A 

4-[3-(5,6-Dimethyl-8-propyl-7//-imidazo[4,5-c]tetrazolo[l,5-a]pyri 
25 yl)propane-l-sulfonyl]benzoic acid ethyl ester (2.50 g, 5.16 mmol), prepared as described 
in Parts A-E of Example 92 using the modification of Example 99, was treated with 
aqueous sodium hydroxide (10 mL of 1 N) in ethanol (26 mL), and the reaction stirred for 
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two hours and became homogeneous. The solvents were removed under reduced pressure, 
and the residual white solid was dissolved in water (50 mL). The solution was washed 
with ethyl acetate (3x10 mL) and then adjusted to pH 4 with the addition of concentrated 
hydrochloric acid. A white solid precipitated, which was isolated by filtration, washed 
with water, and dried for three hours in a vacuum oven at 60 °C to provide 2.26 g of 4-[3- 
(5,6-dimethyl-8-propyl-7/Mn^ 
sulfonyl]benzoic acid as a white solid. 
PartB 

Under a nitrogen atmosphere, a mixture of 4-[3-(5,6-dimethyl-8-propyl-7ii r - 
imidazo[4,5-c]tetrazolo[l,5-a]pyridin-7-yl)propane-l-sulfonyl]benzoic acid (2.26 g, 4.95 

mmol) and dichloromethane (50 mL) was cooled to 0 °C. Oxalyl chloride (0.95 mL, 10.9 
mmol) was added dropwise, and the reaction was stirred for two hours at room 
temperature. To one-third of the solution was added morpholine (0.43 mL, 4.9 mmol), 
and the reaction was stirred under nitrogen overnight. Additional morpholine (1 .0 mL, 1 1 
mmol) was added, and the reaction was stirred for two hours. A white precipitate formed, 
which was isolated by filtration, washed with ethyl acetate and water, and then dried for 
two hours in a vacuum oven at 80 °C to provide 0.75 g of {4-[3-(5,6-dimethyl-8-propyl- 
7#-imidazo[4,5-c]te1razolo[l,5-a]pyri 
ylmethanone as a white solid. 
PartC 

{4-[3-(5,6-Dimethyl-8-propyl-7#-imidaz^ 
yl)propane-l-sulfonyl]phenyl}morphohn-4-ylmethanone (0.75 g, 1.4 mmol) was 
converted to {4-[3-(4-amino-6,7-dimethyl-2-propyl-l//-imidazo[4,5-c]pyridin-l- 
yl)propane-l-sulfonyl]phenyl}morpholin-4-ylmethanone using the general method of Part 
F of Example 92. The crude product was triturated with ethyl acetate, isolated by 
filtration, and dried overnight under high vacuum at 90 °C to provide 0.52 g of the desired 
product as a white powder, mp 224.0-226.0 °C. 

*H NMR (300 MHz, DMSO-^) 5 7.92 (d, J = 8.4, 2H), 7.63 (d, J= 8.4, 2H), 5.55 (br s, 
2H), 4.25 (dd, J= 7.8, 7.8, 2H), 3.60 (br s, 4H), 3.52 (dd, 7= 7.6, 7.6, 2H), 3.23 (br s, 2H), 
2.66 (dd,7= 7.5, 7.5, 2H), 2.22 (s, 3H), 2.17 (s, 3H), 1.91-1.79 (m, 2H), 1.73-1.61 (m, 
2H), 0.90 (t, J =7.3, 3H); 
MS (APCI) m/z 500 (M + H) + ; 
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Anal. Calcd for C25H33N5O4S: C, 60.10; H, 6.657; N, 14.02; Found: C, 59.96; H, 6.70; N, 
13.81. 



Example 102 

5 N-{2-[2-(4-Ammo-2-ethy^^^ 

yl)ethoxy]ethyl}methanesulfonatnide 




Part A 

The general method described in Part A of Example 80 was followed using 2-(2- 
10 aminoethoxy)ethanol (46.0 mL, 458 mmol) in lieu of ethanolamine to prepare 90.0 g of 
tert-butyl 2-(2-hydroxyethoxy)ethylcarbamate as a colorless oil. 
PartB 

Under a nitrogen atmosphere, a solution of tert-butyl 2-(2- 
hydroxyethoxy)ethylcarbamate (89.0g, 434 mmol) in dichloromethane (1.5 L) was cooled 

15 to 0 °C; triethylamine (90.7 mL, 650 mmol) was added dropwise. Methanesulfonyl 

chloride (36.9 mL, 477 mmol) was then added over a period of 45 minutes. A precipitate 
formed, and the reaction became yellow. The reaction was allowed to warm to room 
temperature and stirred overnight. Saturated aqueous sodium bicarbonate (750 mL) was 
added. The organic layer was then sequentially washed with water (3 x 500 mL) and brine 

20 (250 mL), dried over magnesium sulfate, filtered, and concentrated under reduced pressure 
to provide 1 19.2 g of 2-{2-[(/er^-butoxycarbonyl)amino]ethoxy}ethyl methanesulfonate as 
a light orange oil. 
PartC 

Under a nitrogen atmosphere, sodium azide (29.8 g, 458 mmol) was added to a 
25 solution of 2-{2-[(^rr-butoxycarbonyl)amino]ethoxy}ethyl methanesulfonate (1 18 g, 416 
mmol) in DMF, and the reaction was heated at 90 °C for six hours. The reaction was 
allowed to cool to room temperature overnight, and then the solvent was removed under 
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reduced pressure. Water (1 L) was added, and the resulting solution was extracted with 
diethyl ether (4 x 500 mL). The combined extracts were washed with water (1 x 250 mL), 
dried over magnesium sulfate, filtered, and concentrated under reduced pressure to yield 
93.0 g of tert-butyl 2-(2-azidoethoxy)ethylcarbamate as a colorless oil. 
PartD 

Under a nitrogen purge, 10% palladium on carbon (9.2 g) was added to a solution 
of tert-butyl 2-(2-azidoethoxy)ethylcarbamate (92.0 g, 399 mmol) in toluene (900 mL) in 
a pressure vessel. The vessel was placed under hydrogen pressure (30 psi, 2.0 x 10 5 Pa), 
and for the first 20 minutes, the hydrogen was replaced every five minutes and brought to 
a pressure of (20 psi, 1 .4 x 10 5 Pa). The reaction was maintained under hydrogen pressure 
(20 psi, 1.4 x 10 5 Pa) overnight. The reaction mixture was filtered through a layer of 
CELITE filter aid, and the filter cake was washed with ethanol. The filtrate was 
concentrated under reduced pressure to yield 77.4 g of tert-butyl 2-(2- 
aminoethoxy)ethylcarbamate as a light green oil. 
PartE 

The general method described in Part B of Example 82 was used with tert-butyl 2- 
(2-aminoethoxy)ethylcarbamate in lieu of 2-[3-(l,3-tMazol-2-yl)propoxy]ethylamine. The 
reaction was heated at 60 °C overnight. The crude product, an orange oil, was 
recrystallized from 40:60 ethyl acetate:hexane (100 mL) using seed crystals from a 
previous run. The crystals were isolated by filtration and washed with cold 90:10 
hexane:ethyl acetate. The mother liquor was concentrated under reduced pressure to 
provide a solid which was purified by column chromatography on silica gel (1200 mL, 
eluting with 70:30 hexane:ethyl acetate). The products purified by each method were 
combined to provide 59.5 g of tert-butyl 2-{2-[(2-chloro-5,6-dimethyl-3-nitropyridin-4- 
yl)amino]ethoxy}ethylcarbamate as a light orange solid, m. p. 70-73 °C. 
PartF 

The general method described in Part A of Example 92 was used to convert tert- 
butyl 2- {2-[(2-chloro-5,6-dimethyl-3-nitropyridin-4-yl)amino]ethoxy} ethylcarbamate 
(57.0 g, 147 mmol) to 51.6 g of ter/-butyl 2-{2-[(5,6-dimethyl-8-nitrotetrazolo[l,5- 
a]pyridin-7-yl)amino]ethoxy} ethylcarbamate, obtained as a yellow solid, m. p. 109-111 

°C. 

PartG 
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Under a nitrogen purge, 5% platinum on carbon (2.5 g) was added to a Parr vessel 
containing a solution of tert-butyl 2-{2-[(2-chloro-5,6-dimethyl-8-nitrotetra2olo[l,5- 
a]pyridin-7-yl)aniino]ethoxy}ethylcarbamate (25.0 g, 63.2 mmol) in toluene (500 mL). 
The vessel was placed under hydrogen pressure (30 psi, 2.0 x 10 5 Pa) for four hours, and 
then 2-propanol (50 mL) was added. The reaction mixture was filtered through a layer of 
CELITE filter aid, and the filter cake was washed with 2-propanol (500 mL) and ethanol 
(500 mL). The filtrate was concentrated under reduced pressure to yield 22.9 g of tert- 
butyl 2-{2-[(8-amino-5,6-dimethyltetrazolo[l,5-a]pyridin-7- 
yl)amino]ethoxy} ethylcarbamate as a brown oil. 
PartH 

The general method described in Part E of Example 85 was used to convert tert~ 
butyl 2- {2-[(8-amino-5,6-dimethyltetrazolo[l 5 5-a]pyridin-7- 

yl)amino]ethoxy}ethylcarbamate (22.8 g, 62.4 mmol) to tert-butyl 2-{2-[(8-ethyl-5,6- 
dimethyl-7//-imidazo[4,5-c]tetraazolo[l ,5-a]pyridin-7-yl)]ethoxy} ethylcarbamate. 
Triethylorthopropionate (13.2 mL, 65.5 mmol) was used in lieu of trimethylorthobutyrate. 
The crude product was obtained as a light brown solid (20.2 g), which was stirred with 
water (500 mL) for 15 minutes, isolated by filtration, and dried overnight in a vacuum 
oven at 80 °C, to provide the desired product, mp 186-188 °C, which was used without 
further purification. 
Parti 

A solution of trifluoroacetic acid (188 mL, 2.44 mol) in dichloromethane (300 mL) 
was cooled to 0 °C. A solution of tert-butyl 2-{2-[(8-ethyl-5,6-dimethyl-7/^imidazo[4,5- 
c]tetrazolo[l,5-a]pyridin-7-yl)]ethoxy} ethylcarbamate (19.7 g, 48.8 mmol) in 
dichloromethane (300 mL) was then slowly added over a period of 30 minutes, and the 
reaction was stirred overnight. The volatiles were removed under reduced pressure, and 
the residual brown oil was stirred with 2-propanol (300 mL) to form a white salt, which 
was isolated by filtration and dried in a vacuum at 80 °C. The salt was dissolved in water 
(200 mL), and solid sodium carbonate was added to adjust to pH 12. The solution was 
extracted with chloroform overnight with a continuous extractor. The extracts were dried 
over magnesium sulfate, filtered, and concentrated under reduced pressure to provide 1 1.5 
g of 2-[2-(8-ethyl-5,6-dimethyl-7#-i^ 
yl)ethoxy]ethylamine as a white solid, m. p. 181-183 °C. 
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Part J 

The general method described in Part B of this example was used with the 
following modifications. 2-[2-(8-Ethyl-5,6-dimethyl-7J^-imidazo[4,5-c]tetrazolo[ 1 ,5- 
a]pyridin-7-yl)ethoxy]ethylamine (2.25 g, 7.42 mmol) was used in lieu of tert-butyl 2-(2- 
hydroxyethoxy)ethylcarbamate. The reaction was stirred for 2 hours, and 2.8 g of crude 
product were obtained after the work-up. The crude product was purified by column 
chromatography on silica gel (200 mL, eluting with 90:10 dichloromethane:methanol) to 
provide 2.30 g of j\^{2-[2-(8-e%l-5,6-dime%^ 

a]pyridin-7-yl)ethoxy] ethyl} methanesulfonamide as a white solid, m. p. 216-218 °C. 
PartK 

The general method described in Part F of Example 92 was used to convert N-{2- 
[2-(8-ethyl- 5 , 6-dimethyl-7i/-imid^ 

yl)ethoxy]ethyl}methanesulfonamide (2.25 g, 5.90 mmol) to 7V^{2-[2-(4-amino-2-ethyl- 
6,7-dimethyl-l#-imidazo[4,5-c]^ The 
crude product was obtained as a colorless oil (2.03 g), which was recrystallized from 2- 
propanol (45 mL) and dried in a vacuum oven at 70 °C to provide 1.37 g of the desired 
product as a white powder, mp 145-147 °C. 

*H NMR (300 MHz, DMSO) 8 6.99 (br t, 1H), 5.57 (s, 2H), 4.41 (t, 5.6 Hz, 2H), 3.69 
(t, J= 5.6, 2H), 3.40 (t, J= 5.8, 2H), 3.02 (q, J= 5.6, 2H), 2.85 (q, J= 7.5, 2H), 2.82 (s, 
3H), 2.35 (s, 3H), 2.30 (s, 3H), 1.31 (t, J = 7.5, 3H); 
MS (APCI) m/z 356 (M + H) + ; 

Anal. Calcd for C15H25N5O3S: C, 50.69; H, 7.09; N, 19.70. Found: C, 50.69; H, 7.17; N, 
19.68. 

Examples 103 and 104 
2-[2-(8-Ethyl-5 ,6-dimethyl-7#-m^ 
yl)ethoxy]ethylamine was obtained as described in Parts A through I of Example 102. 
Under a nitrogen atmosphere, a solution of 2-[2-(8-ethyl-5,6-dimethyl-7/f-imidazo[4,5- 
c]tetraazolo[l,5-a]pyridin-7-yl)ethoxy]ethylamine (1 equivalent) and in dichloromethane 
was cooled to 0 °C; triethylamine (1.1 equivalents) was added. The acid chloride (1.1 
equivalents) selected from the table below was then added dropwise, and the solution was 
allowed to warm to room temperature and stirred for several hours. The reaction was 
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washed with 5% aqueous sodium hydroxide (200 mL), and the aqueous layer was 
extracted with dichloromethane (2 x 200 mL). The combined organic solutions were dried 
over magnesium sulfate, filtered, and concentrated under reduced pressure to provide a 
white solid, which was treated using the general method described in Part F of Example 92 
5 and purified as described below. 

N / 
N 




H 



Example Number 


Acid Chloride 


R 


103 


4-morpholinecarbonyl chloride 


— t/ \) 


104 


cyclohexylcarbonyl chloride 





Example 103 

N- {2-[2K4-Amino-2-ethyl-6,7-dimethyl4i/-imidazo[4,5-c]pyridin-l - 
10 yl)ethoxy]ethyl}morpholine-4-carboxamide 

The crude product was obtained as a white solid, which was recrystallized from 2- 
propanol and dried overnight in a vacuum oven at 80 °C. The crystals were dissolved in 
dichloromethane, and the solution was concentrated under reduced pressure to provide 

1.46 g of AK2-[2-(4-ammo-2-ethyl-6,7-dm^ 
1 5 yl)ethoxy]ethyl}morpholine-4-carboxamide as a white powder, mp 1 82-1 84 °C. 

! H NMR (300 MHz, DMSO) 8 6.40 (t, 7= 5.4 Hz, 1H), 5.63 (s, 2H), 4.39 (t, J= 5.4, 2H), 
3.67 (t, J= 5.4, 2H), 3.51 (m, 4H), 3.34 (t, J= 6.1, 2H), 3.18 (m, 4H), 3.11 (q, J= 5.8, 
2H), 2.84 (q, J= 7.5, 2H), 2.35 (s, 3H), 2.30 (s, 3H), 1.30 (t, J= 7.5, 3H); 
MS (APCI) m/z 391 (M + H) + ; 
20 Anal. Calcd for C^oWs: C, 58.44; H, 7.74; N, 21.52. Found: C, 58.22; H, 7.77; N, 

21.73. 
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Example 104 
N- {2-[2-(4-Amino-2-ethyl-6,7-dimethyl-l#^ 

yl)ethoxy] ethyl} cyclohexanecarboxamide 
The crude product was purified by column chromatography on silica gel (150 mL, 
5 eluting with 85:15 dichloromethane:methanol) and recrystallization from 2-propanol (20 
mL). The purified crystals were dissolved in methanol, and the resulting solution was 
concentrated under reduced pressure to provide 0.88 g of N-{2-[2-(4-amino-2-ethyl-6,7- 
dimethyl-li/-imidazo[4,5-^ as a 

white powder, mp 170-172 °C. 
10 l H NMR (300 MHz, CDC13) 5 5.36 (br t, 1H), 4.89 (s, 2H), 4.43 (t, J= 5.4 Hz, 2H), 3.72 
(t, /= 5.5, 2H), 3.43-3.38 (m, 2H), 3.34-3.27 (m, 2H), 2.88 (q, J= 7.5, 2H), 2.45 (s, 3H), 
2.43 (s, 3H), 1.92-1.61 (m, 6H), 1.42 (t, /=7.5, 3H), 1.35-1.16 (m, 5 H); 
MS (APCI) m/z 388 (M + H) + ; 

Anal. Calcd for C21H33N5O2: C, 65.09; H, 8.53; N, 18.07. Found: C, 64.85; H, 8.66; N, 
15 17.86. 



Example 105 

N-Cyclohexyl-N- {2-[2-(2-ethyl-6,7-dimethyl- l#-imidazo[4,5-c]pyridin-2- 

yl)ethoxy] ethyl} urea 




A modification of the methods described in Examples 103 and 104 was used to 
convert 2-[2-(8-ethyl-5,6-dimethyl-7H-imidazo[4,5-c]tetrazolo[l,5-a]pyridin-7- 
yl)ethoxy]ethylamine (2.00 g, 6.59 mmol) to 7V^cyclohexyl-^-{2-[2-(2-ethyl-6,7- 
dimethyl-l//-imidazo[4,5-c]pyridin-2-yl)ethoxy]ethyl}urea. No triethylamine was used, 
25 and cyclohexyl isocyanate (0.93 mL, 7.25 mmol) was used in lieu of an acid chloride. The 
crude hydrogenation product was isolated as an off-white solid, which was recrystallized 
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twice from 2-propanol (15-17 mL/g) to provide 1.29 g of the desired product as white 
crystals, mp 187-189 °C. 

] H NMR (300 MHz, CDC13) 5 4.94 (s, 2H), 4.42 (t, J= 5.3 Hz, 2H), 4.23 (d, J= 8.1, 1H), 
3.89 (t, J= 5.3, 1H), 3.67 (t, 5.3, 2H), 3.51-3.37 (m, 1H), 3.36-3.31 (m, 2H), 3.19 (q, J 
5 = 5.3, 2H), 2.86 (q, 7= 7.5, 2H), 2.45 (s, 3H), 2.42 (s, 3H), 1.92-1.82 (m, 2H), 1.75-1.54 
(m, 3H), 1.41 (t, J= 7.5, 3H), 1.36-1.04 (m, 5 H); 
MS (APCI) m/z 403 (M + H) + ; 

Anal. Calcd for C2iH 3 4N 6 0 2 : C, 62.66; H, 8.51; N, 20.88. Found: C, 62.39; H, 8.74; N, 
20.85. 

10 

Example 106 

1 - {2-[2-(l , 1 -Dioxidoisothiazohdin-2-yl)ethoxy]ethyl} -2-ethyl-6,7-dimethyl- 1#- 

imidazo [4, 5 -c]pyridin-4- amine 




2-[2-(8-Ethyl-5,6-dimethyl-7i/-iniidazo[4,5-c]tetraazolo[l,5-fl]pyridin-7- 
yl)ethoxy]ethylamine (2.00 g, 6.59 mmol) was obtained as described in Parts A through I 
of Example 102 and treated using the method of Part J of Example 102 with 3- 
chloropropanesulfonyl chloride (0.88 mL, 7.25 mmol) used in lieu of methanesulfonyl 

20 chloride. The crude product was purified by column chromatography on silica gel (100 
mL, eluting with 95:5 dichloromethane: methanol) to provide an amber oil, which was 
triturated with diethyl ether. The product was isolated by filtration to provide 2.62 g of 3- 
chloro-iV- {2-[2-(8-ethyl-5,6-dimethyl-7/^imidazo[4,5-c]tetrazolo[l ,5-a]pyridin-7- 
yl)ethoxy]ethyl}propane-l-sulfonamide as a white solid, m. p. 126-129 °C. 

25 Part B 

Under a nitrogen atmosphere, l,8-diazabicyclo[5.4.0]undecene-7 (4.2 mL, 28 
mmol) was added to a solution of 3-chloro-AT- {2-[2-(8-ethyl-5,6-dimethyl-7//- 
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imidazo[4,5-c]tetrazolo[l ,5-a]pyridin-7-yl)ethoxy]ethyl}propane-l -sulfonamide (2.50 g, 
5.63 mmol) in DMF (50 mL), and the reaction was stirred overnight at room temperature. 
The solution was concentrated to about 25 mL under reduced pressure, and water (300 
mL) was added. A white precipitate formed, which was isolated by filtration and 
5 recrystailized from acetonitrile (20 mL) to provide 1 .95 g of 7- {2-[2-(l , 1 - 

dioxidoisothiazolidin-2-yl)ethoxy] ethyl} -8-ethyl-5 ,6-dimethyl-7#-imidazo[4,5- 

c]tetraazolo[l,5-a]pyridine as white crystals, m. p. 176-178 °C. 

PartC 

7- {2-[2-( 1 , 1 -Dioxidoisothiazolidin-2-yl)ethoxy] ethyl} -8-ethyl-5 ,6-dimethyl-7#- 
10 imidazo[4,5-c]tetrazolo[l ,5-a]pyridine (1 .60 g, 3.93 mmol) was treated using the 

procedure described in Part F of Example 92. The crude product was purifed by column 
chromatography on silica gel (75 mL, eluting with 80:20 dichloromethane:methanol) and 
recrystailized from 2-propanol to provide 0.38 g of white crystals. The crystals were 
dissolved in 2-propanol (10 mL) and treated with a 1 M solution of hydrochloric acid in 
15 diethyl ether (1 mL). The solution was stirred for 30 minutes, and the resulting salt was 
isolated by filtration and washed with diethyl ether. The salt was dissolved in water (25 
mL), and solid sodium carbonate was added to adjust to pH 12. The solution was seeded 

> 

with material made in a previous run, and the resulting solid was isolated by filtration and 
washed with water to provide 0.18 g of l-{2-[2-(l,l-dioxidoisothiazolidin-2- 
20 yl)ethoxy]ethyl} -2-ethyl-6,7-dimethyl- li/-imidazo[4,5-c]pyridin-4-amine as a white solid, 

mp 157-159 °C. 

*H NMR (300 MHz, CDC13) 5 4.86 (s, 2H), 4.44 (t, J= 5.4 Hz, 2H), 3.74 (t, J= 5.4, 2H), 
3.57-3.51 (m, 2H), 3.13-3.08 (m, 2H), 3.04-2.97 (m, 2H), 2.89 (q, J= 7.5, 2H), 2.87 (t, J= 
6.8, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 2.19-2.08 (m, 2H), 1.41 (t, J= 7.5, 3H); 
25 MS (APCI) m/z 382 (M + H) + ; 

Anal. Calcd for CnHavNsOsS-O.SO H 2 0: C, 52.29; H, 7.23; N, 17.93. Found: C, 52.54; H, 
7.49; N, 18.02. 
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Example 107 

AT- {2-[2-(4- Amino-2-ethyl-6,7-dimethyl- li/-imidazo [4,5-c]pyridin- 1 -yl)ethoxy]ethyl} -N 1 - 

benzoylurea 




5 Part A 

2-[2-(8-Ethyl-5,6-dimethyl-7tf-imid^ 
yl)ethoxy]ethylamine (2.00 g, 6.59 mmol) was obtained as described in Parts A through I 
of Example 102 and treated using the method of Part F of Example 92. The crude product 
was recrystallized from toluene (57 mL/g) to provide 3.19 g of l-[2-(2- 
10 aminoethoxy)ethyl]-2-ethyl-6 J-dimethyl-lif-imidazo[4,5-c]pyridin-4-amine as white 

crystals, m. p. 152-154 °C. 
PartB 

A solution of l-[2-(2-aminoethoxy)ethyl]-2-ethyl-6 ,7-dimethyl-l#-imidazo[4,5- 
c]pyridin-4-amine (1.60 g, 5.77 mmol) was treated with benzoyl isocyanate (0.98 g, 6.6 

1 5 mmol) using the method described in Example 1 05 . The crude product was purified by 
column chromatography on silica gel (150 mL, eluting with 90:10 
dichloromethane:methanol) and recrystallized from acetonitrile (75 mL/g). The crystals 
were subsequently recrystallized twice from 2-propanol (40-44 mL/g) and then stirred in 
water for 30 minutes and isolated by filtration. The solid was dried for three days under 

20 high vacuum to provide 0.54 g of N- {2-[2-(4-amino-2-ethyl-6 ,7-dimethyl-l^-imidazo[4,5- 
c]pyridin-l-yl)ethoxy]ethyl}-A^-benzoylurea as a white solid, mp 185-187 °C. ! H NMR 
(300 MHz, CDC13) 8 8.98 (br s, 1H), 8.87 (br t, 1H), 7.93-7.87 (m, 2H), 7.63-7.56 (m, 
1H), 7.52-7.44 (m, 2H), 4.84 (s, 2H), 4.45 (t, J= 5.8 Hz, 2H), 3.76 (t, J= 5.8, 2H), 3.57- 
3.46 (m, 4H), 2.91 (q, J = 7.5, 2H), 2.42 (s, 6H), 1.41 (t, J= 7.5, 3H); MS (APC1) m/z 425 

25 (M + H) + ; Anal. Calcd for C 2 2H28N 6 O3*0.25 H 2 0: C, 61.59; H, 6.70; N, 19.59. Found: C, 
61.25; H, 6.90; N, 19.72. 

■ 
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Example 108 

A4({2-[2-(4-Ammo-2-eth^ 

yl)ethoxy] ethyl} amino)carbonyl]benzenesiilfonamide 




5 A solution of l-[2-(2-aminoethoxy)ethyl]-2-ethyl-6 ,7-dimethyl-l/7-imidazo[4,5- 

* 

c]pyridin-4-amine (1.45 g, 5.23 mmol), obtained as described in Part A of Example 107, 
was treated with benzenesulfonyl isocyanate (0.70 mL, 5.2 mmol) using a modification of 
the method described in Example 1 05 . The crude reaction mixture was concentrated 
under reduced pressure, and the residue was purified by column chromatography on silica 
10 gel (eluting with 79.5:19.5:1 dicUoromethane:methanol:triethylamine) to provide a white 
solid. The solid (1.05 g) was stirred with 90: 10 dichloromethane:methanol (40 mL), 
isolated by filtration, and recrystallized from DMF (10 mL) to provide 0.41 g of 7V-[({2-[2- 
(4-amino-2-ethyl-6,7-dimethyl- lff-imidazo[4,5-c]pyridin-l - 

■ 

yl)ethoxy]ethyl}amino)carbonyl]benzenesulfonamide as a white solid, mp 201-203 °C. 
1 5 MS (ESI) m/z 461 (M + H) + . 



Example 109 
2-(Ethoxymethyl)-6,7-dimethyl- 1 -p^ 

e]pyridin-4~amine 



20 




Part A 
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(2-<^oro-5,6-dimeth^ 
(19.6 g, 58.2 mmol), which was prepared as described in Parts A through C of Example 
84, was treated with sodium azide (7.57 g, 1 16 mmol) using the general method described 
in Part A of Example 92. The crude solid was recrystallized from acetonitrile to provide 
16.2 g of (5,6-dimethyl-8-mtroteto 
ylmethoxy)ethyl] amine as an orange solid. 
PartB 

(5,6-Dimethyl-8-ni1xote1xaazolo^ 
ylmethoxy)ethyl]amine (16.2 g, 46.9 mmol) was hydrogenated using the conditions 
described in Part G of Example 80 with the following modification. The filter cake was 
washed with hot toluene and 50:50 dichloromethane:methanol, the filtrate was 
concentrated under reduced pressure to provide the crude product, which was triturated 
with diethyl ether and isolated by filtration to afford 5,6-dimethyl-iV :7 -[2-(pyridin-4- 
ylmethoxy)ethyl]tetrazolo[l,5-a]pyridine-7,8-diamine as a white solid. 
PartC 

The general method described in Part E of Example 82 was used to convert 5,6- 
dimethyl-iV 7 -[2-(pyridin--4-ylmethoxy)ethyl] tetrazolo[ 1 ,5-a]pyridine-7,8-diamine (6.0 g, 
19 mmol) to 8-ethoxy-5,6-dmethyl-7-[2-(pyridm 

c]tetrazolo[l,5-a]pyridine. The crude product was triturated with diethyl ether, isolated by 
filtration, and recrystallized from acetonitrile (1.8 mL/g) to provide 4.53 g of the desired 
product as off-white crystals. 
PartD 

Under a nitrogen atmosphere, a solution of 8-ethoxy-5,6-dimethyl-7-[2-(pyridin-4- 
ylmethoxy)etiiyl]-7/f-imidazo[4,5-c]tetrazolo[l,5-fl]pyridine (4.04 g, 10.5 mmol) and 
triphenyl phosphine (3.04 g, 1 1 .6 mmol) in xylene (50 mL) was heated at reflux for 1 8 
hours. The solution was allowed to cool to room temperature, and the volatiles were 
removed under reduced pressure. The residual oil was treated with aqueous hydrochloric 
acid (50 mL of 1 M) and stirred for 30 minutes; a white precipitate formed. The solution 
was then washed with dichloromethane (3x2 mL), treated with 1 N aqueous potassium 
hydroxide to adjust to pH 14, and cooled to near 0 °C. The product precipitated and was 
isolated by filtration, washed with diethyl ether, and dried under reduced pressure. The 
resulting solid was washed with water, isolated by filtration, washed with diethyl ether, 
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and recrystallized from toluene. The solid was dissolved in methanol, and the solution 
was concentrated under reduced pressure. This was repeated three times before the solid 
was finally triturated with diethyl ether and isolated by filtration to provide 2.17 g of 2- 
(ethoxymethyl)-6 ,7-dimethyl- 1 - [2-(pyridm-4-ylmethoxy)ethy^ 

5 4-amine as small tan crystals, mp 143-145 °C. 

*H NMR (300 MHz, DMSO) 5 8.45 (d, J= 6.2 Hz, 2H), 7.11 (d, J= 5.6 Hz, 2H), 5.80 (s, 
2H), 4.69 (s, 2H), 4.61 (t, J= 5.6 Hz, 2H), 4.48 (s, 2H), 3.80 (t, J= 5.6 Hz, 2H), 3.48 (q, J 
= 6.9 Hz, 2H), 2.37 (s, 3H), 2.31 (s, 3H), 1.10 (t, J = 6.9 Hz, 3H); 
MS (APCI) m/z 356 (M + H) + ; 

10 Anal. Calcd for C19H25N5O2: C, 64.20; H, 7.09; N, 19.70; Found: C, 63.93; H, 7.43; N, 
19.76. 



Example 110 

2,6,7-Trimethyl- 1 -[2-(pyridm^ 




Using the general method described in Part E of Example 85, 5,6-dimethyl-N -[2- 
(pyridin-4-ylmethoxy)ethyl]te^ (6.0 g, 19mmol), 

prepared as described in Parts A and B of Example 109, was treated with 
triethylorthoacetate (3.7 mL, 20 mmol) in lieu of trimethylorthobutyrate. The crude 
20 product was triturated with diethyl ether and isolated by filtration to provide 6.07 g of 
5,6,84rimethyl-7-[2-(pyridin-4^ 
c]pyridine as a brown solid. 
PartB 

The general method of Part D of Example 109 was used to convert 5,6,8-trimethyl- 
25 7-[2-(pyridm-4-ylmethoxy)e%^ (4.44 g, 13.0 

mmol) to 2.18 g of 2,6,7-trimethyl-H2-(pyridin-^ 
c]pyridin-4-amine, which was obtained as a white solid, mp 208-210 °C. 
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! H NMR (300 MHz, DMSO) 8 8.45 (m, 2H), 7.11 (d, J= 6.2 Hz, 2H), 5.64 (s, 2H), 4.50 
(t, J= 5.6 Hz, 2H), 4.48 (s, 2H), 3.77 (t, J= 5.3 Hz, 2H), 2.50 (s, 3H), 2.33 (s, 3H), 2.29 
(s, 3H); MS (APCI) m/z 312 (M + H) + ; 

Anal. Calcd for Ci 7 H 2 iN 5 0: C, 65.57; H, 6.80; N, 22.49; Found: C, 65.60; H, 6.84; N, 
5 22.57. 

Example 111 

2-(Ethoxymethyl)-6,7-dimethyl- 1 - {2-[(3-pyrimidin-5-ylprop-2-ynyl)oxy]ethyl}-li/- 

imidazo[4,5-c]pyridin-4- amine 




Part A 

Using a modification of the method described in Part A of Example 85, 2-(2- 
chloro-5,6-dimethyl-3-nitropyridin-4-ylamino)ethanol was prepared. Ethanolamine was 
used in lieu of 5-amino-l-pentanol, and the reaction was heated at 60 °C for six hours. 
15 PartB 

Pyridine (1.0 mL, 12 mmol) and 4-dimethylaminopyridine (DMAP) (0.005 g, 0.04 
mmol) was added to a solution of 2-(2-chloro-5,6-dimethyl-3-nitropyridin-4- 
ylamino)ethanol (0.50 g, 2.0 mmol) in anhydrous dichloromethane (4.5 mL). Under a 
nitrogen atmosphere, acetic anhydride (0.8 mL, 8 mmol) was added, and the yellow 

20 solution was stirred at room temperature for 1 .3 hours. The volatiles were removed under 
reduced pressure, and the residual yellow oil was dissolved in dichloromethane. The 
solution was washed with aqueous sodium bicarbonate, water, and brine, and then dried 
over sodium sulfate, filtered, and concentrated under reduced pressure to provide 0.55 g of 
acetic acid 2-(2-chloro-5,6-dimethyl-3-nitropyridin-4-ylamino)ethyl ester as a yellow 

25 solid. 
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PartC 

A modification of the method of Part A of Example 92 was used to convert acetic 
acid 2-(2-cWoro-5,6-dimethyl-3-nitropyridin^-ylamino)ethyl ester (8.02 g, 27.9 mmol) to 
acetic acid 2-(5,6-dimethyl-8-mtrotetrazolo[l,5-a]pyridin-7-ylamino ester. A 3:1 
acetonitrileiwater mixture was used as the solvent, and the reaction was heated at reflux 
for 21 hours. The crude product was obtained as an oil, which was triturated with diethyl 
ether, isolated by filtration, and washed with water and diethyl ether to provide 7.3 g of the 
desired product. 
PartD 

The procedure described in Part F of Example 80 was used to convert acetic acid 
2-(5,6-dimethyl-8-nitrotetraazolo[l,5-a]pyridin-7-ylamm ester (6.18 g, 21.0 mmol) 

to 5.20 g of acetic acid 2-(8-ammo-5,6-dimethyltetra^ 
ester, which was obtained as a tan solid. 
PartE 

The method described in Part E of Example 82 was used to convert acetic acid 2- 
(8-amino-5,6-dimethyltetrazolo^ ester (5.20 g, 19.7 mmol) 

to 6.10 g of acetic acid 2^8-ethoxymethyl-5,6-dimethyl-7^ 
a]pyridin-7-yl)ethyl ester, which was obtained as a tan solid. 
PartF 

A mixture of 2-(8-ethoxymethyl-5,6-dhnethyl-7/y-imidazo[4,5-c]tetrazolo[l,5- 
a]pyridin-7-yl)ethyl ester (6.10 g, 18.4 mmol) and methanol (60 mL) was stirred and 
heated to 70 °C. Potassium carbonate (1.90 g, 13.8 mmol) was added to the resulting 
solution, and the reaction was stirred at 70 °C for 15 minutes then allowed to cool to room 
temperature. The volatiles were removed under reduced pressure, and the residue was 
dissolved in 9:1 dichloromethane:methanol and filtered through a layer of silica gel (53 g). 
The volatiles were removed under reduced pressure to provide 4.98 g of 2-(8- 
ethoxymethyl-5 ,6-dimethyl-7#-^ 
solid containing some minor impurities. 
PartG 

The method described in Part A of Example 81 was followed. 2-(8-Ethoxymethyl- 
5,6-dimethyl-7Z/-imidazo[4,5-c^ (4.98 g, 16.8 mmol) 

was used in lieu fert-butyl 2-hydroxyethylcarbamate. 8-Ethoxymethyl-5,6-dimethyl-7-(2- 
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prop-2-ynyloxyethyl)-7if-^ (5.5 g), containing some 

minor impurities, was obtained as a white solid. 

PartH 

The method described in Part B of Example 81 was followed. 8-Ethoxymethyl- 
5 5,6-dimethyl-7-(2-prop-2-ynyloxyethyl)-7i/-imidazo[4,5-c]tetrazolo[ 1 ,5-a]pyridine (5 .5 g, 
17 mmol) was used as the starting material in lieu of ter/-butyl 2-(prop-2- 
ynyloxy)ethylcarbamate, and 5-bromopyrimidine was used in lieu of 3-bromopyridine. 
The crude product was purified by column chromatography on silica gel (620 g, eluting 
with 98:2 dichloromethane:methanol), and the resulting solid was mixed with 2-propanol 
10 (150 mL). Insoluble impurities were removed by filtration, and the solution was 

concentrated to a volume of 20 mL. The product crystallized and was isolated by filtration 
and washed with 2-propanol and diethyl ether to provide 6.10 g of 8-ethoxymethyl-5,6- 
chmethyl-7-[2-(3 -pyrimidin-5-^ 
fljpyridine as white crystals. 
15 Parti 

The method described in Part D of Example 109 was used with the following 
modification. The reaction was carried out in refluxing toluene, and 8-ethoxymethyl-5,6- 
dimethyl-7-[2-(3-pyrimidin-5-ylprop-^^ 

ajpyridine (6.20 g, 15.3 mmol) was used in lieu of 8-ethoxy-5,6-dimethyl-7-[2-(pyridin-4- 
20 ylmethoxy)ethyl]-7//-iniidazo[4,5-c]tetrazolo[ 1 ,5-a ]pyridine. The crude product was 

purified by column chromatography on silica gel (200 g, eluting with 95:5 

dichloromethane:methanol) to provide 0.852 g of 2-(ethoxymethyl)-6,7-dimethyl-l-{2-[(3- 

pyrimidm-5-ylprop-2-ynyl)oxy]ethyl}-l#^ as a white 

powder, mp 122-124 °C. 
25 l H NMR (300 MHz, DMSO) 5 9.18 (s, 1H), 8.83 (s, 2H), 6.05 (s, 2H), 4.70 (s, 2H), 4.61 

(t, J= 5.6 Hz, 2H), 4.44 (s, 2H), 3.90 (t, /= 5.6 Hz, 2H), 3.50 (q, J= 6.9 Hz, 2H), 2.40 (s, 

3H), 2.30 (s, 3H), 1.12 (t, J= 7.2 Hz, 3H); 

MS (APCI) m/z 381 (M + H) + ; 

Anal. Calcd for C20H24N6O2: C, 63.14; H, 6.36; N, 22.09; Found: C, 62.84; H, 6.37; N, 
30 22.12. 
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Example 112 

2-(Ethoxymethyl)-6,7-dimethyl-l^^ 

c]pyridin-4-amine 




5 Under a nitrogen purge, 2-(ethoxymethyl)-6 ,7-dimethyM-{2-[(3-pyrimidin-5- 

ylprop-2-ynyl)oxy]ethyl}-l#-imidazo^ (0.69 g, 1.8 mmmol), 

prepared as described in Example 1 1 1, 10% palladium on carbon (0.1 g), and methanol 
(1 0 mL) were added to a Parr vessel. The vessel was placed under hydrogen pressure (50 
psi, 3.4 x 10 5 Pa) for 2.5 hours. The reaction mixture was filtered through a layer of 

10 CELITE filter aid, and the filter cake was rinsed with methanol (200 mL). The filtrate was 
concentrated under reduced pressure to yield an oil, which was triturated with diethyl ether 
then recrystallized from toluene (3 mL). The crystals were dried for 24 hours at 94 °C and 
then dissolved in methanol. The solution was concentrated to provide an oil that was 
triturated with diethyl ether and dried under reduced pressure to provide 0.202 g of 2- 

15 (ethoxymethyl)-6,7-dime%M-[2-(3-pyri^ 

c]pyridin-4-amine as a white powder, mp 127-129 °C. 

l H NMR (300 MHz, DMSO) 8 9.00 (s, 1H), 8.54 (s, 2H), 5.79 (s, 2H), 4.69 (s, 2H), 4.54 
(t, 5.6 Hz, 2H), 3.70 (t, 5.6 Hz, 2H), 3.5 (q, J= 7.1 Hz, 2H), 3.33 (t, J = 6.2 Hz, 
2H), 2.47 (t, 7= 8.1 Hz, 2H), 2.39 (s, 3H), 2.31 (s, 3H), 1.74 (p, J= 7.5, 6.2 Hz, 2H), 1.31 
20 (t,J=6.9Hz,3H); 

MS (APC1) m/z 385 (M + H) + ; 

Anal. Calcd for C 2 oH 28 N 6 02: C, 62.48; H, 7.34; N, 21.86; Found: C, 62.20; H, 7.34; N, 
21.58. 

25 
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Example 113 
N- {2-[2-(4-Amino-7-bromo-2-propyl- 
l/f-imidazo[4,5-c]pyridin-l-yl)ethoxy]e^ 



NH 2 






-n_/ — 

i . 


Br 





II 

N-S— 

Solid potassium acetate (0.62 g, 6.32 mmol) was added to a solution of N-{2-[2-{^ 
amino-2-propyl-l#-imidazo[4,5-^ g, 
5.27 mmol) in acetic acid (32 mL). After the potassium acetate had dissolved bromine 

10 (1.26 g, 7.91 mmol) was added dropwise. The reaction was stirred at ambient temperature 
for 40 minutes at which time analysis by thin layer chromatography indicated that the 
reaction was complete. Excess bromine was quenched by the addition of saturated 
aqueous sodium bisulfite (~ 1 mL). The pH of the reaction mixture was adjusted to pH 7 
by the addition of saturated aqueous sodium bicarbonate (100 mL) followed by the 

15 addition of solid sodium bicarbonate. The reaction mixture was extracted with 

dichloromethane (2 x 100 mL). The combined extracts were washed sequentially with 
water, saturated aqueous sodium bicarbonate (100 mL) and brine (100 mL), dried over 
sodium sulfate, filtered and then concentrated under reduced pressure to provide a brown 
gooey solid. This material was purified by chromatography (silica gel eluting with 95:5 

20 dichloromethane:methanol) to provide 1 .7 g of TV- {2-[2-(4-amino-7-bromo-2-propyl-l//- 
imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}methanesulfonamide as a white waxy solid, mp 

129-131 °C. 

l H NMR (300 MHz, DMSO-rf*) 57.68 (s, 1H), 7.00 (t, J= 6.0 Hz, 1H), 6.21 (bs, 2H), 4.55 
(t, J= 5.7 Hz, 2H), 3.75 (t, J= 5.7 Hz, 2H), 3.42 (t, 7= 5.7 Hz, 2H), 3.03 (q, J= 5.9 Hz, 
25 2H), 2.86 (t,J= 7.5 Hz, 2H), 2.84 (s, 3H), 1.81 (sextet, 7= 7.5 Hz, 2H), 1.01 (t, .7=7.5 
Hz, 3H); MS (APCI) m/z 420/422 (M + H) + ; 

Anal. Calcd for Ci^BrNsOsS: C, 40.01; H, 5.28: N, 16.66. Found: C, 39.66; H, 4.95; 
N, 16.29. 
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Example 114 

1 -[2>(2-Aminoethoxy)ethyl]-7-bromo-2-propyl- l/7-imidazo[4,5-c]pyridin-4-amine 

NhL 



Using the general method of Example 113, ter/-butyl 2-[2-(4-amino-2-propyl-lfl r - 
imidazo[4,5-c]pyridin-l-yl)ethoxy]ethylcarbamate (0.9 g, 2.48 mmol) was brominated to 
provide 0.85 g of tert-butyl 2-[2-(4-aminO"7-bromo-2-propyl4/f-imidazo[4,5-c]pyridin-l- 
yl)ethoxy]ethylcarbamate as a brown foam. 



Hydrochloric acid (1.8 mL of 4.25 M in ethanol) was added to a solution of the 
material from Part A in ethanol (10 mL). The reaction was heated at reflux for 1 hour and 
then concentrated under reduced pressure to provide a brown foam. The foam was 
recrystallized from ethyl acetate (13 mL) to provide 0.4 g of l-[2-(2-aminoethoxy)ethyl]- 
7-bromo-2-propyl-l//-imidazo[4 5 5-c]pyridin-4-amine as brown rock-needles, mp 114 — 
117 °C. 

Anal. Calcd for Ci3H 2 oBrN 5 0: C, 45.62; H, 5.89; N, 20.46. Found: C, 45.90; H, 5.58; N, 
20.15. 




O 



Part A 



PartB 



Example 115 
N- {2-[2-(4-Amino-7-bromo-2-propyl- 
lif-imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}-4-chlorobenzamide 
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Triethylamine (0.07 g, 0.66 mmol) was added to a solution of l-[2-(2- 
aminoethoxy)ethyl]-7-bro^ (0.15 g, 0.44 

mmol) in dichloromethane ( 2 mL). 4-Chlorobenzoyl chloride (0.09 g, 0.53 mmol) was 
added dropwise to the reaction mixture. The reaction mixture was stirred at ambient 

5 temperature for 1 0 minutes at which time analysis by thin layer chromatography indicated 
that the reaction was complete. The reaction mixture was partitioned between 
dichloromethane (30 mL) and saturated aqueous sodium bicarbonate (20 mL). The layers 
were separated. The organic layer was washed sequentially with saturated aqueous 
ammonium chloride (20 mL) and brine (20 mL), dried over sodium sulfate, filtered and 

10 then concentrated under reduced pressure to provide 0.23 g of a clear, glassy solid. The 
crude material was purified by chromatography (silica gel eluting with 95:5 
dichloromethaneimethanol) to provide 0.05 g of A r -{2-[2-(4-amino-7-bromo-2-propyl-l//- 
imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}-4-chlorobenzainide as a white amorphous solid. 
*H NMR (300 MHz, DMSO-<4) 5 8.46 (t, J= 5.6 Hz, 1H), 7.80 (d, J= 8.7 Hz, 2H), 7.66 

15 (s, 1H) 7.53 (d, J= 8.7 Hz, 2H) 6.21 (bs, 2H), 4.55 (t, J= 5.7 Hz, 2H), 3.75 (t, J= 5.7 Hz, 
2H), 3.42 (t, J= 5.7 Hz, 2H), 3.03 (q, J= 5.9 Hz, 2H), 2.86 (t, J= 7.5 Hz, 2H), 2.84 (s, 
3H), 1.81 (sextet, J= 7.5 Hz, 2H), 1.01 (t, J= 7.5 Hz, 3H); 
MS (APCI) m/z 480/482 (M + H) + ; 

Anal. Calcd for C 2 oH23BrClN 5 02 ■ 0.25 H 2 0: C, 49.50; H, 4.88: N, 14.43. Found: C, 
20 49.43; H, 4.81; N, 14.13. 

Example 116 
N- {2-[2-(4-Amino-7-bromo-2-propyl- 
l#-iimdazo[4,5-c]pyridin- 1 -yl)ethoxy] ethyl} -7V-cyclohexylurea 




Cyclohexyl isocyanate (0.09 g, 0.69 mmol) was added dropwise to a suspension of 
l-[2-(2-ammoethoxy)ethyl]-7-bromo-^^ (0.215 
g, 0.63 mmol) in dichloromethane (3.5 mL). The reaction mixture became homogeneous 
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for a short time and then a precipitate formed. The precipitate was isolated by filtration 
and washed with dichloromethane to provide 0.23 g of a beige powder, which was 
recrystallized from ethanol (1.5 mL) to provide 0.06 g of 7\^{2-[2-(4-amino-7-bromo-2- 
propyl-ltf-imidazo[4,5-c]pyrid^^ as white needles, 

5 mp 185-186 °C. 

l H NMR (300 MHz, DMSO-cfc) 8 7.67 (s, 1H), 6.20 (bs, 2H), 5.78 (d, J = 7.5 Hz, 1H) 
5.65 (t, J= 5.3 Hz, 1H) 4.53 (t, J= 5.7 Hz, 2H), 3.73 (t, J= 5.7 Hz, 2H), 3.33 (t, J= 5.9 
Hz, 2H), 3.07 (q, J= 5.9 Hz, 2H), 2.85 (t, /= 7.5 Hz, 2H), 1.81 (sextet, J= 7.5 Hz, 2H), 
1.73-1.69 (m, 2H), 1.64-1.60 (m, 2H), 1.53-1.49 (m, 2H), 1.26-1.06 (m, 4H) 1.00 (t, 
10 7.5 Hz, 3H); 

MS (APCI) m/z 467/469 (M + H) + . 

Anal. Calcd for C 2 oH 3 iBrN 6 02: C, 51.39; H, 6.68: N, 17.98. Found: C, 51.35; H, 6.73; N, 
18.05. 



15 



Example 117 
N- {2-[2-(4-Amino-7-hex-l -ynyl-2-propyl- 
li/-imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}methanesulfonamide 

NH, 




20 DicWorobis(triphenylphosphine)palladium(II) (0.25 g, 0.36 mmol) and copper (I) 

iodide (0.14 g, 0.71 mmol) were added to a suspension containing Af-{2-[2-(4-amino-7- 
bromo-2-propyl- l//-imidazo[4,5-c]pyridin-l -yl)ethoxy] ethyl} methanesulfonamide (1 .5 g, 
3.57 mmol), triethylamine (2 mL, 14 mmol), hexyne (1.23 mL, 10.7 mmol) and 
acetonitrile (1 8 mL). The reaction was heated to reflux and the progress was monitored by 

25 high performance liquid chromatography. After 2.5 hours hexyne (1 eq.), 

dichlorobis(triphenylphosphine)palladium(II) (0.1 eq) and copper (I) iodide (0.2 eq) were 
added. After an additional hour dichlorobis(triphenylphosphine)palladium(II) (0.1 eq) and 
copper (I) iodide (0.2 eq) were added. After a total reaction time of 5.5 hr the reaction 
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mixture was allowed to cool to ambient temperature and then it was concentrated under 



reduced pressure to provide a dark oil. The oil was partitioned between dichloromethane 
(200 mL) and saturated aqueous ammonium chloride (100 mL). The organic layer was 
separated, washed with brine (100 mL), dried over sodium sulfate, filtered and then 

5 concentrated under reduced pressure to provide a dark sludge. This material was purified 
by chromatography (silica gel eluting with 95:5 dichloromethane methanol) to provide 1.0 
g of a brown oil which was found to be a 85 : 1 5 mixture of product and starting material. 
The oil was combined with triethylamine (1.5 eq), hexyne (1 eq.), acetonitrile (5 mL), 
(hcUorobis(triphenylphosphine)palladium(II) (0.1 eq), and copper (I) iodide (0.2 eq) and 

10 then heated at reflux for 2 hr. The reaction mixture was allowed to cool to ambient 
temperature and then stirred for 20 hr. The reaction mixture was concentrated under 
reduced pressure to provide a dark oil. The oil was purified by chromatography (silica gel 
eluting with 95:5 dichloromethane:methanol) to provide N- {2-[2-(4-amino~7-hex-l-ynyl- 
2-propyl- 



1 5 l#-imidazo[4,5-c]pyridin-l -yl)ethoxy]ethyl}methanesulfonamide as a colorless oil. 

*H NMR (300 MHz, DMSO-rf*) 5 7.68 (bs, 1H), 6.99 (t, J= 6.0 Hz, 1H), 6.30 (bs, 2H), 
4.55 (t, J= 5.7 Hz, 2H), 3.74 (t, J= 5.7 Hz, 2H), 3.41 (t, J= 5.7 Hz, 2H), 3.03 (q, J= 5.9 
Hz, 2H), 2.86-2.81 (m, 5H), 2.46 (m, 2H), 1.83 (sextet, J= 7.5 Hz, 2H), 1.59-1.40 (m, 
4H), 1.00 (t, J- 7.5 Hz, 3H), 0.93 (t, /= 7.2 Hz, 3H); 

20 MS (APCI) m/z 422 (M + H) + . 



Example 118 
N- {2-[2-(4-Amino-7-hexyl-2-propyl- 
li7-imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}methanesulfonamide 




NH 



25 



Solid palladium on carbon (0.5 g of 10%) was added to a Parr vessel and then 
wetted with isopropanol (1 mL). N- {2- [2-(4- Amino-7-hex- 1 -ynyl-2-propy 1- 1 //- 
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imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}methanesulfonamide (-0.5 g) was added to the 
vessel followed by the addition of methanol (-10 mL). The vessel was placed on a shaker 
and placed under hydrogen pressure (50 psi, 3.4 X 10 5 Pa). After 20 hours the reaction 
mixture was filtered through a layer of CELITE filter agent to remove the catalyst and the 

5 filter cake was washed with methanol (-100 mL). The filtrate was concentrated under 
reduced pressure. The residue was purified by chromatography (silica gel eluting with 
95:5 dichloromethane:methanol) to provide N-{2-[2-(4-amino-7-hexyl-2-propyl-l#- 
imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}methanesulfonamide as a clear oil. 
*H NMR (300 MHz, DMSO-rf*) 5 7.38 (s, 1H), 6.97 (t, J= 6.0 Hz, 1H), 6.00 (bs, 2H), 

10 4.35 (t, J= 5.7 Hz, 2H), 3.68 (t, /= 5.7 Hz, 2H), 3.37 (m, 2H), 3.00 (q, J= 5.9 Hz, 2H), 
2.84 (t, J= 7.5 Hz, 2H), 2.82 (s, 3H), 2.72 (t, J= 7.5 Hz, 2H), 1.81 (sextet, 7= 7.5 Hz, 
2H), 1.55-1.50 (m, 2H), 1.37-1.28 (m, 2H), 1.01 (t, J= 7.5 Hz, 3H), 0.89-0.84 (m, 3H); 
MS (APCI) m/z 426 (M + H) + . 

15 Example 119 

4-[3-(4-Ammo-6,7-dimethyl-2-propyl-lH-imidazo[4,5-c]pyridm-l-yl)propane-l- 

sulfonyl]-N-butylbenzamide 
NH, 



20 modifications. To one-third of the crude solution of 4-[3-(5,6-dimethyl-8-propyl-7/f- 
imidazo[4,5-c]tetrazolo[l ,5-a]pyridin-7-yl)propane-l-sulfonyl]benzoyl chloride in 
dichloromethane, described in Part B of Example 101, was added butylamine (0.49 mL, 
4.9 mmol) in lieu of morpholine, and the reaction was stirred overnight. Additional 
butylamine (0.5 mL) was added, and the reaction was stirred for two hours. 

25 Dichloromethane (1 00 mL) was added to the reaction mixture, and the resulting solution 
was washed with saturated aqueous sodium carbonate (3 x 25 mL), water (3 x 25 mL), 
10% by volume acetic acid in water (3 x 30 mL), and water (30 mL), dried over sodium 




O 



The general methods described in Example 101 were followed with the following 
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sulfate, filtered, and concentrated under reduced pressure. The crude product was dried 
for three hours in a vacuum oven at 100 °C and then triturated with ethyl acetate to 
provide a solid that was isolated by filtration and dried for three hours in a vacuum oven at 
90 °C. Ar-Butyl-4-[3-(5,6-dimethyl-8-propyl-7//-imidazo[4,5-c]tetrazolo[l ,5-a]pyridin-7- 

5 yl)propane-l -sulfonyl]benzamide (830 mg, 1 .62 mmol) was treated as described in Part C 
of Example 101 . The crude product was purified by column chromatography on silica gel 
(eluting sequentially with chloroform and 90:10 chloroform:methanol) to provide the 
product as an oil, which was recrystallized from ethyl acetate:hexane with a few drops of 
methanol to yield crystals. The crystals were isolated by filtration, washed with hexanes, 

10 and dried in a vacuum oven at 80 °C to provide 0.18 g of 4-[3-(4-amino-6,7-dimethyl-2- 
propyl-l/Mnndazo[4,5-c]pyridm-l-yl)prop^^ as a white 

powder, mp 147.0-149.0 °C. 

>H NMR (300 MHz, CDCI3) 8 7.83-7.75 (m, 4H), 6.71-6.63 (m, 1H), 4.83 (br s, 2H), 4.35 
(dd, 7= 7.2, 7.2, 2H), 3.50 (quart, J= 7.2, 2H), 3.05 (dd, J= 7.5, 7.5, 2H), 2.74 (dd, J= 
15 7.7, 7.7, 2H), 2.35 (s, 3H), 2.28 (s, 3H), 2.13 (quint, J= 1A, 2H), 1.84 (sextet, /= 7.6, 
2H), 1.73-1.62 (m, 2H), 1.46 (sextet, /= 7.3, 2H), 1.05 (t, J= 7.3, 3H), 0.99 (t, /= 7.3, 
3H); 

MS (APC1) m/z 486 (M + H) + ; 

Anal. Calcd for CasHasNsCbS: C, 61.83; H, 7.264; N, 14.42; Found: C, 61.50; H, 7.2; N, 
20 14.06. 

Example 120 

4-[3-(4-Amino-6,7-dimethyl-2-propyl- l#-imidazo[4,5-c]pyridin- l-yl)propane-l - 

sulfonyl]-A'-butyl-Ar-methylbenzamide 



The general methods described in Example 101 were used with the following 
modifications. To one-third of the crude solution of 4-[3-(5,6-dimethyl-8-propyl-7#- 




NH 



25 



O 
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imidazo[4,5-c]tetrazolo[l,5-aft chloride in 

dichloromethane, described in Part B of Example 101, was added N-methyl butylamine 
(0.583 mL, 4.92 mmol) in lieu of morpholine, and the reaction was stirred overnight. 
Additional //-methyl butylamine (0.5 mL) was added, and the reaction was stirred for two 
5 hours. The crude product was recrystallized from ethyl acetate :hexane, and the crystals 
were dried for three hours in a vacuum oven at 90 °C. AT-Butyl-4-[3-(5,6-dimethyl-8- 
propyl-7i/-inridazo[4,5-c]tefr^ 

benzamide (770 mg, 1.46 mmol) was treated as described in Part C of Example 101. The 
crude product was recrystallized from ethyl acetateihexane with a couple drops of 

10 methanol to provide crystals, which were isolated by filtration, washed with hexane, and 
dried for four hours under high vacuum at 50 °C to provide 0.56 g of 4-[3-(4-amino-6,7- 
dimethyl-2-propyl-lif-imidazo[4,5-c]pyridin-l -yl)propane-l -sulfonyl]-iV^butyl-N- 
methylbenzamide as a white powder, mp 127.0-129.0 °C. ! H NMR (300 MHz, CDCI3) 8 
7.95 (d, J= 8.4, 2H), 7.58 (d, J= 8.4, 2H), 4.92 (br s, 2H), 4.42 (dd, J= 7.8, 7.8, 2H), 3.55 

15 (dd, J= 7.8, 7.8, 1H), 3.21 - 3.05 (m, 4.5 H), 2.90 (s, 1.5 H), 2.77 (dd, J= 7.7, 7.7, 2H), 
2.43 (s, 3H), 2.39 (s, 3H), 2.23 (quint, /= 7.6, 2H), 1.93-1.36 (m, 5H), 1.15 (quart, J= 7.5, 
1H), 1.07 (t, J= 7.4, 3H), 0.99 (^=7.0, 1.5H), 0.81 (t, 7=7.4, 1.5H); 
MS (APCI) m/z 500 (M + H) + ; 

Anal. Calcd for C26H37N5O3S: C, 62.50; H, 7.464; N, 14.02; Found: C, 62.26; H, 7.78; N, 
20 13.87. 

Example 121 

l-[2-(2-Ammoethoxy)ethyl]-6-c^^ 

amine. 




Part A 
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Under a nitrogen atmosphere, propanenitrile (120 mL, 1.7 mmol) was added 
dropwise to malonyl dichloride (100 g, 0.709 mmol), and the reaction was stirred for 24 
hours at room temperature during which time a precipitate formed. Dioxane (300 mL) 
was added to the reaction mixture, and the precipitate was isolated by filtration and 
washed with dioxane (100 mL) to provide a tan solid. The solid was dissolved in a 
mixture of dioxane (75 mL) and methanol (30 mL) with heating. The methanol was 
removed under reduced pressure, and a white precipitate formed, which was isolated by 
filtration and washed with dioxane. The solid was dried overnight in a vacuum oven at 80 
°C to provide 13.0 g of 6-cMoro4-hydroxy-5-methylpyridin-2(l//)-one hydrochloride 
hydrate as a white solid. 
PartB 

A solution of 6-chloro-4-hydroxy-5-methylpyridin-2(l/i0-one hydrochloride 
hydrate (67.0 g, 0.313 mmol) in concentrated sulfuric acid (335 mL) was cooled to ~0 °C; 
nitric acid (19.6 mL of 16 M) was added dropwise over a period often minutes. The 
reaction was stirred for 20 minutes and then poured slowly into 2.5 L of ice water. A 
yellow precipitate formed, which was isolated by filtration and dried overnight in a 
vacuum oven at 60 °C to provide 39.7 g of 6-chloro-4-hydroxy-5-methyl-3-nitropyridin- 
2(l#)~one as a yellow solid. 
PartC 

A solution of 6-chloro-4-hydroxy-5-methyl-3-nitropyridin-2(l//)-one (10.9 g, 53.4 
mmol) in dichloromethane (380 mL) was cooled to 0 °C. Triethylamine (22.3 mL, 160 
mmol) was added, and the solution was stirred for ten minutes. Trifluoromethanesulfonic 
anhydride (18.0 mL, 107 mmol) was then added dropwise over a period of five minutes, 
and the solution was stirred for 1.5 hours at 0 °C. A solution of tert-butyl 2-(2- 
aminoethoxy)ethylcarbamate (12.0 g, 58.8 mmol), prepared as described in Parts A 
through D of Example 102, in a small amount of dichloromethane was then added over a 
period of five minutes, and the reaction was allowed to warm to room temperature slowly 
and stirred overnight. The solution was then washed with water (2 x 150 mL) and brine 
(150 mL), dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure. The residue was purified by column chromatography on silica gel (eluting 
sequentially with 80:20 hexanes:ethyl acetate and 50:50 hexanes:ethyl acetate) to provide 
a yellow oil, which was dissolved in diethyl ether and concentrated under reduced pressure 
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to provide 16.5 g of trifluoromethanesulfonic acid 4-[(2-{2-[(tert- 
butoxycarbonyl)amino]ethoxy} ethyl)amino]-6-chloro-5-methyl-3-nitropyridin-2-yl ester 

as a solid. 
PartD 

A solution of trifluoromethanesulfonic acid 4-[(2-{2-[(tert- 
butoxycarbonyl)airuno]ethoxy}ethyl)am ester 
(14.3 g, 27.4 mmol), bis(4-methoxybenzyl)amine (7.00 g, 27.4 mmol), and triethylamine 
(3.82 mL, 27.4 mmol) in toluene (250 mL) was heated at 90 °C for two hours and then 
allowed to cool to room temperature overnight. Diethyl ether (300 mL) was added, and 
the solution was washed with water (200 mL) and brine (200 mL), dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure. The residue was purified twice 
by column chromatography on silica gel (eluting sequentially with 80:20 hexanes:ethyl 
acetate and 70:30 hexanes:ethyl acetate) to provide 8.73 g of {2-[2-(2-[bis{4- 
methoxybenzyl}amino]-6-chloro-5-methyl-3-nitropyridin-4- 
ylamino)ethoxy]ethyl}carbamic acid tert-butyl ester. 
PartE 

Under a nitrogen atmosphere, sodium borohydride (0.76 g, 20.0 mmol) was added 
in two portions to a solution of nickel (H) chloride hydrate (1 .57 g, 6.62 mmol) in 
methanol (160 mL), and the mixture was stirred at room temperature for 15 minutes. A 
solution of {2-[2-(2-[bis {4-methoxybenzyl} amino]-6-chloro-5-methyl-3-nitropyridin-4- 
ylamino)ethoxy] ethyl} carbarnic acid tert-butyl ester (8.37 g, 13.3 mmol) in methanol (10 
mL) and dichloromethane (10 mL) was then added, and the addition funnel was rinsed 
with a mixture of methanol (10 mL) and dichloromethane (10 mL). The reaction was 
stirred for two hours, during which time additional sodium borohydride was added three 
times (0.5 g, 0.5, g and 1.0 g). Water (200 mL) was then added, and the methanol was 
removed under reduced pressure. The remaining solution was extracted with diethyl ether 
(700 mL, 300 mL), and the combined extracts were washed with water (200 mL) and brine 
(200 mL), dried over magnesium sulfate, filtered, and concentrated under reduced pressure 
to product the crude product contaminated with water. Toluene (300 mL) was added and 
then removed by distillation to provide [2-(2-{3-amino-2-[bis-(4-methoxybenzyl)amino]- 
6-cMoro-5-methylpyridin-4-ylainino}ethoxy)ethyl]carbamic acid tert-butyl ester, which 
was used in Part F without further purification. 
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PartF 

The material from Part B was treated using the general method described in Part E 
of Example 85 with the following modification. Pyridinium p-toluenesulfonate (0.1 
equivalent) was used in lieu of pyridine hydrochloride. The crude product was purified by 

5 column chromatography on silica gel (eluting sequentially with 80:20 hexanesrethyl 
acetate and 70:30 hexanes:ethyl acetate) to provide 5 g of [2-(2-{4-[bis-(4- 
methoxybenzyl)amino]-6-chloro-7-methyl-2-propyl- lii-imidazo [4, 5 -c]pyridin- 1 - 
yl}ethoxy)ethyl]carbamic acid ter/-butyl ester, which was dissolved in dichloromethane 
and concentrated under reduced pressure several times. 

10 PartG 

Trifluoroacetic acid (40 mL) was added to [2-(2-{4-[bis-(4- 
methoxybenzyl)amino]-6-chloro-7-methyl-2-propyl- l#-imidazo[4,5-c]pyridin- 1 - 
yl}ethoxy)ethyl]carbamic acid tert-butyl ester (1 g, 1.5 mmol). The reaction was swirled 
until it became homogeneous and was allowed to stand at room temperature overnight. 

1 5 The reaction was concentrated under reduced pressure, and dichloromethane was added 
and removed under reduced pressure (5 x 40 mL) to provide a white solid. The solid was 
triturated in chloroform, isolated by filtration, and dried under reduced pressure with 
heating. The solid was dissolved in concentrated hydrochloric acid (5 mL) and stirred for 
three hours. Aqueous sodium hydroxide was then added. A white solid formed, which 

20 was isolated by filtration, washed with water and diethyl ether, and dried for five hours 
under high vacuum at 70 °C to provide 0.144 g of l-[2-(2-aminoethoxy)ethyl]-6-chloro-7- 
methyl-2-propyl-lif-imidazo[4,5-c]pyridin4-amine as a white solid, mp 158.0-161.0 °C. 
] H NMR (300 MHz, DMSO-d 6 ) 8 6.15 (br s, 2H), 4.43 (t, J= 5.4, 2H), 3.67 (t, 7= 5.3, 
2H), 3.27 (t, J= 5.7, 2H), 2.84-2.79 (m, 2H), 2.54 (t, J= 5.7, 2H), 2.47 (s, 3H), 1.86-1.74 

25 (m, 2H), 1.19 (br s, 2H), 1.00 (t, J= 7.3, 3H); 
MS (APCI) m/z 312 (M + H) + ; 

HRMS (ESI) calcd for C14H22N5OCI + H 312.1591, found 312.1588; 

Anal, calcd for Ci^NsOCl-O^IfcO: C, 53.31; H, 7.16; N, 22.20. Found: C, 53.34; H, 

7.23; N, 22.02. 
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Example 122 
2-Ethoxymethyl-6,7-dimethyl-l-{2^^^ 

§ 

c]pyridin-4- amine 




5 Part A 

The general methods described in Parts A and B of Example 111 were used to 
prepare acetic acid 2-[(2-chloro-5,6-dimethyl-3-nitropyridin-4-yl)amino]ethyl ester. 
Using the general method described in Part A of Example 92, acetic acid 2-[(2-chloro-5,6- 
dime%l-3-nitropyridin-4-yl)amino]ethyl ester (64.0 g, 0.222 mmol) was converted to 
10 acetic acid 2^(5 J 6-dimethyl-8-nitrotetrazolo[l,5-a]pyridin-7-yl)ainino]ethyl ester. The 
crude product was triturated with diethyl ether and isolated by filtration to provide 60.0 g 
of the desired product as a yellow solid. 
PartB 

A Parr vessel was charged with acetic acid 2-[(5,6-dimethyl-8-nitrotetrazolo[l,5- 
15 a]pyridin-7-yl)amino] ethyl ester (50.0 g, 170 mmol), 5% platinum on carbon (5.00 g), 

toluene (600 mL), and 2-propanol (50 mL) and purged with nitrogen. The vessel was then 
placed under hydrogen pressure (20 psi, ) for 20 hours at room temperature. The reaction 
mixture was filtered through a layer of CELITE filter aid, and the filter cake was washed 
with 90:10 dichloromethane:methanol. The filtrate was concentrated under reduced 
20 pressure to provide a dark gray solid, which was triturated with diethyl ether, isolated by 
filtration, and dried to provide 41.0 g of acetic acid 2-[(8-amino-5,6-dimethyltetrazolo[l,5- 
a]pyridin-7-yl)amino]ethyl ester as a light gray solid. 
PartC 

The general methods described in Parts G and H of Example 80 were used to 
25 convert acetic acid 2-[(8-amino-5,6-dimethyltetrazolo[ 1 ,5-a]pyridin-7-yl)amino]ethyl 
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ester (48.8 g, 185 mmol) to 56.5 g of acetic acid 2-(8-ethoxymethyl-5,6-diniethyl-7^- 
iirudazo[4,5-c]tetrazolo[l,5-a]pyridin-7-yl)ethyl ester with the following modifications. 
In Part H, one portion of pyridine hydrochloride (6.3 g, 54 mmol) was added, and the 
reaction was heated at reflux for 20 hours. After the work-up, the desired product was 
5 obtained as a tan solid, which was used without purification. 
PartD 

The general method described in Part F of Example 1 1 1 was used to convert acetic 
acid 2-(8-ethoxymethyl-5,6-dimethyl-7tf^ 

ester (56.5 g, 170 mmol) to 2<8-ethoxymethyl-5,6-dimethyl-7fl r -imidazo[4,5- 
10 c]tetrazolo[l,5-^]pyridin-7-yl)ethanol. The crude product was purified by column 

chromatography on silica gel (1.2 kg, eluting with 90:10 dichloromethane: methanol) to 

provide 48.25 g of the desired product. 

PartE 

The general method described in Part A of Example 81 was followed, using 2-(8~ 
15 ethoxymethyl-5,6-dimethyl-7^-imidazo[4,5-c]tetrazolo[l,5-a]pyri (4.5 1 

g, 15.5 mmol) in lieu of tert-butyl 2-hydroxyethylcarbamate and 3-bromo-l- 
phenylpropyne, prepared as described in Part A of Example 7, in lieu of propargyl 
bromide. The crude product was triturated with diethyl ether, isolated by filtration, and 
dried under reduced pressure to provide 5.93 g of 8-ethoxymethyl-5,6-dimethyl-7-{2-[(3- 
20 phenylprop-2-ynyl)oxy]ethyl}-7#-imida as a yellow 

solid. 

> 

PartF 

The general method described in Part D of Example 109 was followed using 8- 
ethoxymethyl-5,6-dimethyl-7- {2-[(3-phenylprop-2-ynyl)oxy] ethyl} ~7#-imidazo[4,5- 

25 c]tetrazolo[l,5-a]pyridine (6.47 g, 16.0 mmol) as the starting material. The reaction with 
triphenyl phosphine (4.61 g, 17.6 mmol) required 41 hours, and the hydrolysis of the 
intermediate required 1 8 hours. The crude product (1 1 .6 g) was dissolved in 
dichloromethane and treated with a 1 M solution of hydrochloric acid in diethyl ether (80 
mL). The volatiles were removed under reduced pressure, and the resulting solid was 

30 recrystallized from acetonitrile. The crystals were dissolved in water (20 mL), and the 
solution was adjusted to pH 14 with the addition of 50% aqueous sodium hydroxide to 
provide a solid that was isolated by filtration. The solid was stirred wtih 1 M aqueous 
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potassium hydroxide for one hour, isolated by filtration, dried for three days under reduced 
pressure at 70 °C to provide 0.828 g of 2-ethoxymethyl-6,7-dimethyl-l-{2-[(3- 
phenylprop-2-ynyl)oxy]ethyl}-li/-imidazo[4,5-c]pyridin^-ainine as a white powder, mp 

129-130 °C. 

5 l H NMR (300 MHz, DMSO) 8 7.34-7.39 (m, 5H), 5.80 (s, 2H), 4.69 (s, 2H), 4.58 (t, J= 
5.6 Hz, 2H), 4.37(s, 2H), 3.89 (t, /= 5.6 Hz, 2H), 3.51 (q, J= 6.9 Hz, 2H), 2.39 (s, 3H), 
2.32 (s, 3H), 1.13 (t, J = 7.2, 3H); 
MS (APCI) m/z 379 (M + H) + ; 

Anal. Calcd for CaaHjeN^O.l^O: C, 69.49; H, 6.94; N, 14.73; Found: C, 69.25; H, 
10 7.00; N, 14.65. 



The general method described in Example 112 was used to hydrogenate 2- 
ethoxymethyl-6,7-dimethyl-l ^ 

c]pyridin-4-amine (1.17 g, 3.09 mmol), prepared as described in Example 122. The 
reaction was complete after 18 hours. The crude product, isolated as an oil, was dissolved 

20 with diethyl ether (20 mL) and treated with a 1 M solution of hydrochloric acid in diethyl 
ether. The resulting salt was isolated by filtration, dried under reduced pressure, and 
recrystallized from ethyl acetate. The crystals, obtained in two crops, were dried for three 
hours under high vacuum at 60 °C to provide 0.777 g of 2-ethoxymethyl-6,7-dimethyl-l- 
[2-(3-phenylpropoxy)ethyl]-li/-imidazo[4,5-c]pyridin-4-amine hydrochloride as a white 

25 powder, mp 128-130 °C. 



Example 123 

2-Ethoxymethyl-6,7-dimethyl- 1 - [2-(3 -phenylpropoxy)ethyl] - l#-imidazo[4,5- 
c]pyridin-4-amine hydrochloride 



15 
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l H NMR (300 MHz, DMSO) 5 13.85 (s, 1 H), 8.13 (s, 2 H), 7.10-7.24 (m, 3 H), 6.93-6.97 
(m, 2 H), 4.79 (s, 2 H), 4.67 (t, J= 5.0 Hz, 2 H), 3.73 (t, ./= 5.3 Hz, 2 H), 3.55 (q, J= 7.1 
Hz, 2 H), 3.27 (t, 7= 5.9 Hz, 2 H), 2.45 (s, 6H), 2.38 (t, J= 7.8 Hz, 2 H), 1 .65 (p, 7.5, 
6.2 Hz, 2H), 1.15 (t,J= 6.9, 3 H); 
5 MS (APCI) /n/z 383 (M + H) + ; 

Anal. Calcd for C22H 3 oN 4 (VlHCl: C, 63.07; H, 7.46; N, 13.37; Found: C, 63.01; H, 7.48; 
N, 13.29. 

Example 124 

10 1 - {2-[2-(4-Ammo-2-et^ 1 - 

yl)ethoxy]ethyl}pyrrolindin-2-one 




Part A 

2-[2-(8-Ethyl-5,6-dimethyl-7^ 
yl)ethoxy]ethylamine (2.0 g, 6.6 mmol), obtained as described in Parts A through I of 
Example 102 was treated as described in Part J of Example 102 with 4-chlorobutyryl 
chloride (0.78 mL, 6.9 mmol) in lieu of methanesulfonyl chloride. The crude product was 
purified by column chromatography on silica gel (125 mL, eluting with 90:10 
dichloromethane:methanol) to provide 2.30 g of 4-cMoro-7^2-[2-(8-ethyl-5,6-dimethyl- 
7i7-imidazo[4,5-c]tetrazolo[l,5^ as a white solid, 

mp 149-151 °C. 
PartB 

Under a nitrogen atmosphere, a mixture of sodium hydride (0.24 g, 6.1 mmol), 
60% in mineral oil, and anhydrous DMF (10 mL) was cooled to ~0 °C. A solution of 4- 
cMoro-N- {2-[2-(8-ethyl-5,6-<^ 

yl)ethoxy]ethyl}butanamide (2.25 g, 5.52 mmol) in DMF (35 mL) was slowly added to the 
mixture, and the reaction was stirred for one hour. The volatiles were then removed under 
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reduced pressure, and the residue was partitioned between water (100 mL) and 
dichloromethane (100 mL). The aqueous layer was extracted with dichloromethane (2 x 
100 mL), and the combined organic solutions were dried, filtered, and concentrated under 
reduced pressure to provide 1 .94 g of a light orange solid. The solid was combined with 
5 crude product from a previous run (1 .45 g) and purified by column chromatography on 
silica gel (150 mL, eluting with 95:5 dichloromethane:methanol) to provide 2.96 g of 1- 
{2-[2<8-ethyl-5,6-dimethyl-7if-^ 

yl)ethoxy]ethyl}pyrrohdin-2-one as a white solid, mp 141-143 °C. 
PartC 

10 1 - {2-[2-(8-Ethyl-5 ,6-dimethyl-7H-imidazo[4,5-c]tetrazolo[ 1 ,5-a]pyridin-7- 

yl)ethoxy]ethyl}pyrrolidin-2-one (2.86 g, 7.70 mmol) was treated using a modification of 
the general method described in Part D of Example 109. 1 ,2-Dichlorobenzene was used as 
the solvent, and the reaction was heated at 130 °C for two days. The crude product was 
purified by column chromatography on silica gel (150 mL, eluting with 80:20 

1 5 dichloromethane:methanol) to provide 2.03 g of a light brown oil, which solidified 

overnight. The solid was recrystallized from acetomtrile (4.9 mL/g) twice and dried for 
two days in a vacuum oven at 50 °C to provide 0.97 g of l-{2-[2^4-amino-2-ethyl-6,7- 
dimemyl4iy-irmdazo[4,5-c]pyridm-l-yl)emoxy]ethyl}pyiTolmdm-2-one as a white solid, 
mp 128-130 °C. 'H NMR (300 MHz, CDC13) 5 4.84 (s, 2H), 4.42 (t, J= 5.5 Hz, 2H), 

20 3.71 (t, J= 5.5, 2H), 3.50-3.44 (m, 2H), 3.40-3.34 (m, 2H), 3.14-3.08 (m, 2H), 2.87 (q, J= 
7.5, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 2.32-2.22 (m, 2H), 1.91-1.79 (m, 2H), 1.40 (t, J= 7.5, 
3H); 

MS (APCI) rn/z 346 (M + H) + ; 

Anal. Calcd for C18H27N5O2: C, 62.59; H, 7.88; N, 20.27. Found: C, 62.58; H, 8.16; N, 
25 20.51. 

Example 125 

N- {2-[2-(4-Amino-6-chloro-7-methyl-2-propyl- l#-imidazo[4,5-c]pyridin-4- 

yl)ethoxy]ethyl}benzamide 
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NH 



CI 



s 



O 




Under a nitrogen atmosphere, triethylamine (3.0 mL, 12 mmol) was added to a 
mixture of H2-(2-aminoethoxy)ethyl]-6-cMoro-7^ 

c]pyridin-4-amine bistrifluoroacetate (0.95 g, 1.76 mmol), the salt made from Part G of 
5 Example 121, in tetrahydrofiiran (20 mL). Benzoyl chloride (0.3 mL) was added dropwise 

to the resulting solution, and the reaction was stirred at room temperature. A solution of 

2% aqueous sodium carbonate (40 mL) was added, and the resulting mixture was stirred 

for 20 minutes and then extracted with diethyl ether (120 mL). A white solid precipitated 

from the diethyl ether and was isolated by filtration and washed with water (5 mL) and 
1 0 diethyl ether (30 mL). The solid was recrystallized from 2-propanol, isolated by filtration, 

and dried for 4.5 hours under high vacuum at 40 °C to provide 265 mg of i^-{2-[2-(4- 

aniino-6-chloro-7-methyl-2-propyl-l//-imidazo[4,5-c]pyridin-4- 

yl)ethoxy]ethyl}benzamide as a white solid, mp 188.0-189.0 °C. 

'H NMR (300 MHz, CDC1 3 ) 5 7.63 - 7.59 (m, 2H), 7.53-7.41 (m, 3H), 6.15 (br s, 1H), 
15 5.01 (br s, 2H), 4.45 (t, J- 5.5, 2H), 3.76 (t, J= 5.5, 2H), 3.59-3.53 (m, 4H), 2.83-2.78 (m, 

2H), 2.55 (s, 3H), 1.91-1.79 (m, 2H), 1.03 (t, J=7.3, 3H); 

MS (APCI) m/z 416 (M + H) + ; 

HRMS (ESI) calcd for C21H26N5O2CI + H 416.1853, found 416.1856; 

Anal, calcd for C21H26N5O2CI: C, 60.64; H, 6.34; N, 16.84. Found: C, 60.61; H, 6.34; N, 

20 16.74. 

Compounds of the invention have been found to induce cytokine biosynthesis 
when tested using the method described below. 

25 CYTOKINE INDUCTION IN HUMAN CELLS 

An in vitro human blood cell system is used to assess cytokine induction. Activity 
is based on the measurement of interferon-cc and tumor necrosis factor-a (IFN-a and TNF- 
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a, respectively) secreted into culture media as described by Testerman et. al. In "Cytokine 
Induction by the Immunomodulators Imiquimod and S-27609", Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995). 

Blood Cell Preparation for Culture , 

Whole blood from healthy human donors is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are separated from whole 
blood by density gradient centrifugation using Histopaque®-1077. Blood is diluted 1:1 
with Dulbecco's Phosphate Buffered Saline (DPBS) or Hank's Balanced Salts Solution 
(HBSS). The PBMC layer is collected and washed twice with DPBS or HBSS and 
resuspended at 4 x 10 6 cells/mL in RPMI complete. The PBMC suspension is added to 48 
well flat bottom sterile tissue culture plates (Costar, Cambridge, MA or Becton Dickinson 
Labware, Lincoln Park, NJ) containing an equal volume of RPMI complete media 
containing test compound. 

Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1 % for addition to the culture 
wells. The compounds are generally tested at concentrations ranging from 30-0.014 fiM. 

Incubation 

The solution of test compound is added at 60 |iM to the first well containing RPMI 
complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
desired range (30-0.014 |iM). The final concentration of PBMC suspension is 2 x 10 6 
cells/mL. The plates are covered with sterile plastic lids, mixed gently and then incubated 
for 18 to 24 hours at 37°C in a 5% carbon dioxide atmosphere. 

Separation 

Following incubation the plates are centrifuged for 10 minutes at 1000 rpm (-200 
x g) at 4°C. The cell-free culture supernatant is removed with a sterile polypropylene pipet 
and transferred to sterile polypropylene tubes. Samples are maintained at -30°C to -70°C 
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until analysis. The samples are analyzed for IFN-a by ELISA and for TNF-a by ELISA or 
IGEN Assay. 

IFN-a and TFN-a Analysis by ELISA 

IFN-a concentration is determined by ELISA using a Human Multi-Species kit 
from PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in pg/mL. 

TNF-a concentration is determined using ELISA kits available from Biosource 
International, Camarillo, CA. Alternately, the TNF-a concentration can be determined by 
Origen® M-Series Immunoassay and read on an IGEN M-8 analyzer from IGEN 
International, Gaithersburg, MD. The immunoassay uses a human TNF-a capture and 
detection antibody pair from Biosource International, Camarillo, CA. Results are 
expressed in pg/mL. 

The complete disclosures of the patents, patent documents, and publications cited 
herein are incorporated by reference in their entirety as if each were individually 
incorporated. The present invention has been described with reference to several 
embodiments thereof. The foregoing detailed description and examples have been 
provided for clarity of understanding only, and no unnecessary limitations are to be 
understood therefrom. It will be apparent to those skilled in the art that many changes can 
be made to the described embodiments without departing from the spirit and scope of the 
invention. Thus, the scope of the invention should not be limited to the exact details of the 
compositions and structures described herein, but rather by the language of the claims that 
follow. 
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WHAT IS CLAIMED IS: 

1. A compound of the Formula (la): 




(la) 

wherein: 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene- 9 
or CH(R 5 )-alkylene-Y-alkylene-; 
Y is -0-, or -S(O) 0 -2-; 

-W-Ri is selected from -O-R1-1-5 and -S(0)o-2-Ri-6; 
R1.1.5 is selected from 

-R6-C(R 7 )-Z-R8-alkyl; 

-R6-C(R 7 )-Z-R8— alkenyl; 

-Rs-C(R 7 )-Z-R8-aryl; 

-R6-C(R 7 >-Z-R8-heteroaryl; 

-Re-C(R 7 )-Z-R8— heterocyclyl; 

-Re-C(R 7 )-Z-H; 

-R6-N(R 9 )-C(R 7 )-R8-alkyl; 

-R6-N(R 9 )-C(R 7 )-R8-aIkenyl; 

-Re-N(R 9 )-C(R 7 )-R8-aryl; 

-R6-N(R 9 )-C(R 7 )-R8-heteroaryl; 

-Re-N(R 9 )-C(R 7 )-R8-heterocyclyl; 

-Re-N(R 9 ) -C(R 7 )-R, 0 ; 

-R6-N(R 9 )-S0 2 -R8-alkyl; 

-R6-N(R 9 )-S0 2 -R«-alkenyl; 

-R6-N(R 9 )-S02-R8-aryl; 

-Rr-N(R 9 )-S02-R8-heteroaryl; 

261 



-R6-N(R 9 )-S02-R8-heterocyclyl; 

-R<5-N(R9)— SO2-R10; 

-R6-N(R 9 )-S02-N(R5)-R8-alkyl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-alkenyl; 

-R*-N(R 9 )-S0 2 -N(R 5 )-R8-aryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-heteroaryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-lieterocyclyl; 

-R6-N(R 9 )-S0 2 -NH 2 ; 

-R<i-N(R 9 )-C(R7)-N(R5)-Q-Rff-alkyl; 

-R<rN(R 9 )-C(R7)-N(R5>-Q-R8-alkenyl; 

-R6-N(R 9 )-C(R7)-N(R5)-Q-R8-aryl; 

-R6-N(R 9 )- C(R 7 )-N(R 5 )-Q-R8-heteroaryl; 

-Re-N(R 9 )- C(R 7 )-N(R 5 )-Q-R8-heterocyclyl; 

-R6-N(R 9 )-C(R 7 )-N(R 5 ) 2 ; 

-Rg-N^-C^-N A; 

-Rs-NCR^CtRO-NCR! ^-Rg-alkyl; 

-R6-N(R 9 )-C(R7)-N(Ri ,)-Q-R8-alkenyl; 

-R6-N(R 9 )-C(R7)-N(Ri ,)-Q-R8-aryl; 

-R6-N(R 9 )- C(R 7 )-N(R n )-Q-R8-heteroaryl; 

-Rff-N(R 9 )- C(R 7 )-N(Ri t )-Q-R8-heterocyclyl; 

-RrN(R 9 )- C(R 7 )-N(R n )H; 

-alkenyl; 

-aryl; 
-Rs-aryl; 

-heteroaryl; 

-heterocyclyl; 

-Re- heteroaryl; and 

-Re-heterocyclyl; 
Z is-N(R 5 )-, -O-, or -S-; 
Q is a bond, -CO-, or -SOrS 
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A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or 
heteroaromatic ring that contains up to three heteroatoms; 
Ri-6 is selected from: 

-alkyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R 6 -aryl; 

-R$- heteroaryl; and 

-R$-heterocyclyl; 
each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 
R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

R 7 is =0 or =S; 

R$ is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -0- groups; 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R$ to form a ring of the formula 



Rio is hydrogen or Cmo alkyl; or R 9 and Rio can join together to form a ring 
selected from 



Rn is Cmo alkyl; or R9 and Rn can join together to form a ring having the 
structure 





— N-C(R 7 ) 
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R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; and 

R x , Ry and Rz are independently selected from hydrogen and non-interfering 
substitutents; 

5 or a pharmaceutical^ acceptable salt thereof, wherein the compound or salt of Formula la 
induces the biosynthesis of one or more cytokines. 

2. A compound of the Formula (lb): 



10 




W 



R 



(lb) 



15 wherein: 



X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 



CH(R 5 )-alkylene-Y-alkylene-; 



-W-Ri is selected from -O-R1.1-5 and -S(O) 0 -2-Ri-6; 



20 



25 



30 



Rm-5 is selected from 

-R6-C(R 7 )-Z-R8-alkyl; 

-R6-C(R 7 )-Z-R8-alkenyl; 

-R6-C(R 7 )-Z-R8-aryl; 

-R6-C(R 7 )-Z-R8-heteroaryl; 

-R6-C(R 7 )-Z-R8-heterocyclyl; 

-Rs-C(R 7 )-Z-H; 

-R6-N(R 9 ) -C(R 7 )-Rg— alkyl; 

-R6-N(R 9 ) -C(R 7 )-R 8 -alkenyl; 

-R6-N(R 9 )-C(R 7 )-R8-aryl; 

-R6-N(R 9 )-C(R 7 )-R8-heteroaryl; 

-Rs-N(R 9 )-C(R 7 )-R8-heterocyclyl; 
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-R$-N(Rg) -C(R 7 )-Rio; 
-R*-N(R 9 )-S02-R8-alkyl; 

-R6-N(R 9 )-S02-Rs-alkenyl; 

-R6-N(R 9 >-S02-Rs-aryl; 

-R6-N(R 9 )-S02-R8-lieteroaryU 

-R«-N(R 9 )-SOr-R8-lieterocyclyl; 

-R6-N(R 9 )-SO 2 -Ri 0 ; 
-R6-N(R 9 )-S02-N(R 5 )-R8-alkyl; 

-R6-N(R 9 )-S02-N(R 5 )-R8-alkenyl; 

-R6-N(R 9 )-S02-N(R 5 )-R8-aryl; 

-R6-N(R 9 )-S02-N(R 5 )-R8-heteroaryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-heterocyclyl; 

-R6-N(R 9 )-S0 2 -NH 2 ; 
-R<i-N(R 9 )-C(R7)-N(R5)-Q-R8-alkyl; 

-R6-N(R 9 )-C(R7)-N(R5>-Q-Rs-alkenyl; 

-R6-N(R 9 )-C(R7)-N(R5)-Q-Rs-aryl; 

-Re-N(R 9 )- C(R 7 )-N(R 5 )-Q-R«-heteroaryl; 

-R«-N(R 9 )- C(R 7 )-N(R 5 )-Q-R8-heterocyclyl; 

-R«-N(R9)-C(R7)-N(R 5 )2; 

-Rg-N^-CCR^-N A; 

-R6-N(R 9 )-C(R7)-N(R, i)-Q-R8-alkyl; 

-R6-N(R 9 )-C(R7)-N(Ri i)-Q-R8-alkenyl; 

-Re-N(R 9 )-C(R 7 )-N(Ri ,)-Q-R8-aryl; 

-R6-N(R 9 >- C(R 7 )-N(Rn)-Q-R8-heteroaryl; 

-R6-N(R 9 )- C(R 7 )-N(Ri !>-Q-R8-heterocyclyl; 

-Rr-N(R 9 )- C(R 7 )-N(R U )H; 

-alkenyl; 

-aryl; 

-Rfi-aryl; 

-heteroaryl; 

-heterocyclyl; 
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-R6- heteroaryl; and 
-R6-heterocyclyl; 
Ri-6 is selected from: 
-alkyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R6-aryl; 

-R<s- heteroaryl; and 
-Rtf-heterocyclyl; 
R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 

- alkyl ene- Y-alkyl ; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(0)-0-Cmo alkyl; 

-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
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-C(0)-aryl; and 
-C(0)-heteroaryl; 



Yis-0-or-S(0)o- 2 -; 

Z is-N(R 5 K -0-, or -S-; 

Q is a bond, -C(O)- or -S0 2 S 

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or 
heteroaromatic ring that contains up to three heteroatoms; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C 2 -io alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R<5 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

R 7 is =0 or =S; 

R 8 is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of R^ to form a ring of the formula 



Rio is hydrogen or C M0 alkyl; or R 9 and Rio can join together to form a ring 
selected from 



12 and ^ ; 
Rn is Cmo alkyl; or R9 and R u can join together to form a ring having the 
structure 



R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 





N-C(R 7 ) 



(CH 2 ) 2 . 7 



; and 
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or a pharmaceutically acceptable salt thereof. 
3. A compound of the Formula (1-1): 




R ^ X— O— R„ 
(1-1) 

wherein: 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, 
CH(R 5 )-alkylene-Y-alkylene-; 

Ri.i is selected from the group consisting of: 
-R6-C(R 7 )-Z-R8-alkyl; 
-R6-C(R 7 )-Z-R8— alkenyl; 
-R6-C(R 7 )-Z-R8-aryl; 
-R6-C(R7)-Z-R8— heteroaryl; 
-R6-C(R 7 )-Z-R8— heterocyclyl; 
-R6-C(R 7 )-Z-H; 
-R6-N(R 9 ) -C(R 7 )-R8-alkyl; 
-R6-N(R 9 ) -C(R 7 )-R8-alkenyl; 
-R6-N(R 9 )-C(R 7 >-R8-aryl; 
-R6-N(R 9 )-C(R 7 )-R8-heteroaryl; 
-R6-N(R 9 )-C(R 7 )-R8-heterocyclyl; and 
-R6-N(R 9 ) -C(R 7 )-Rio; 
Z is -N(R 5 )-, -O-, or -S-; 
R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 
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-heteroaryl; 
-heterocyclyl; 
-alkylene- Y-alkyl; 
-alkylene- Y- alkenyl; 
-alkylene- Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

* 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(0)-0-C M o alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 

Yis-O-or-S(O) 0 -2S 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

Rs is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

R 7 is=Oor=S; 

R 8 is a bond, alkylene, alkenylene, or alkynylene which may be interrupted by one 
or more -O- groups; 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of R6 to form a ring of the formula 
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Rio is hydrogen or C^o alkyl; or R9 and Rio can join together to form a ring 
selected from 



R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
or a pharmaceutical^ acceptable salt thereof. 

4. A compound or salt of claim 3 wherein R3 and R4 are independently hydrogen, 
alkyl, halogen, or nitro. 

5. A compound or salt of claim 3 wherein R3 and R4 are both methyl. 

6. A compound or salt of claim 3 wherein X is -CH(R 5 )-Ci-5 alkylene-. 

7. A compound or salt of claim 3 wherein R 7 is =0 and Rs is a bond. 

8. A compound or salt of claim 3 wherein R2 is hydrogen. 

9. A compound or salt of claim 3 wherein R 2 is alkyl. 

10. A compound or salt of claim 3 wherein R2 is -alkylene-O-alkyl. 

11. A compound or salt of claim 3 wherein R9 is Cu\o alkyl. 

12. A compound or salt of claim 3 wherein R w is -R6-N(R9)-C(R7)-R8— alkyl. 




; and 



270 



WO 03/103584 



PCTAJS03/17659 



13. A compound or salt of claim 3 wherein R M is -Rr-N(R 9 )-C(R 7 )-R8— aryl or -R«- 
N(R 9 )-C(R 7 )-R8— heteroaryl. 

14. A compound or salt of claim 3 wherein R\.\ is -R6— N(R 9 )— C(R 7 )— Rio, and R 9 
5 and Rio join to form the ring. 

15. A compound o f the Formula (1-2) : 

NH, 




10 



(1-2) 



wherein: 



15 



X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 



CH(R 5 )-alkylene-Y-alkylene-; 



20 



25 



Ri.2 is selected from the group consisting of: 

-R6-N(R 9 )-S0 2 -R8-alkyl; 

-Re-N(R 9 )— S0 2 -R8-alkenyl; 

-R6-N(R 9 )-S02-Rs-aryl; 

-Rs-N(R 9 )-S02-R8-heteroaryl; 

-R6-N(R 9 )-S02-R8-heterocyclyU 

-R6-N(R 9 )-S0 2 -Rio; 
-R6-N(R 9 )-S0 2 -N(R 5 )-R8-alkyl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-alkenyl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-aryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R8-heteroaryl; 

-R6-N(R 9 )-S0 2 -N(R 5 )-R«-heterocyclyl;and 

-Re-N(R 9 )-S0 2 -NH 2 ; 



30 



R 2 is selected from the group consisting of: ' 
-hydrogen; 
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-alkyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene- Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 
-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 

-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 
Y is -O- or -S(O) 0 -2-; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, C M0 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

R$ is a bond, alkylene, alkenylene, or alkynylene which may be interrupted by one 
or more -O- groups; 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of R^ to form a ring of the formula 
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( CH 2)3-8 

9 

Rio is hydrogen or Cmo alkyl; or R9 and Rio can join together to form a ring 
selected from 



— N-S0 2 

12 ; and 

5 R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 

does not prevent formation of the ring; 
or a pharmaceutically acceptable salt thereof. 

16. A compound or salt of claim 1 5 wherein R 3 and R4 are independently hydrogen, 
10 alkyl, halogen, or nitro. 

17. A compound or salt of claim 1 5 wherein R3 and R4 are both methyl. 

1 8. A compound or salt of claim 1 5 wherein X is -CH(R 5 )-Ci_5 alkylene-. 

15 

19. A compound or salt of claim 1 5 wherein R 2 is hydrogen. 



20. A compound or salt of claim 15 wherein R 2 is alkyl. 

20 21. A compound or salt of claim 1 5 wherein R2 is -alkylene-O- alkyl. 

22. A compound or salt of claim 1 5 wherein R9 is methyl. 

23. A compound or salt of claim 15 wherein Ri_ 2 is -R6— NCRq)— S0 2 — Rs— alkyl. 

25 

24. A compound or salt of claim 1 5 wherein Ri. 2 is -R$— N(R9)— S0 2 — Rg— aryl or 
-R6-N(R9)-S0 2 -R8-heteroaryl. 

25. A compound or salt of claim 15 wherein Ri_ 2 is-R6— NCR9)— S0 2 — Rio. 
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26. A compound or salt of claim 25 wherein R 9 and Rio join to form the ring. 

27. A compound of the Formula (1-3): 



X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 



-R6-N(R 9 )-C(R7)-N(R5)-Q-R8-alkyl; 
-R6-N(R 9 )- C(R 7 )-N(R 5 >-Q-R8-alkenyl; 
-Re-N(R 9 )- C(R 7 )-N(R 5 )-Q-R8-aryl; 
-R6-N(R 9 )- C(R 7 )-N(R 5 )-Q-Rr-heteroaryl; 
-R6-N(R 9 )-C(R 7 )-N(R 5 )-Q-R8-heterocyclyl; 
-R6-N(R 9 )- C(R 7 )-N(R 5 ) 2 ; 

-R 6 -N(R 9 )-C(R 7 )-n A; 

-R6-N(R 9 )- C(R 7 )-N(Rn)-Q-R8-alkyl; 
-Re-N(R 9 )- C(R 7 )-N(R n )-Q-R8-alkenyl; 
-R<r-N(R 9 )- CCR^-NtRny-Q-R^aryl; 
-R6-N(R 9 >- C(R 7 )-N(Rn)-Q-Rs-heteroaryl; 
-R6-N(R 9 >- C(R 7 )— N(R n )-Q— Rg-heterocyclyl; and 
-Rff-N(R 9 )- C(R 7 )-N(R U )H; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 




(1-3) 



wherein: 



R1-3 is selected from the group consisting of: 
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-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene- Y-alkyl; 
-alkylene- Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 
' -N(R 5 ) 2 ; 

-C(0)-Cmo alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-C(0)-aryl; and 

-C(0)-heteroaryl; 
Y is-O- or -S(O) 0 -2S 
Q is a bond, -C(0)-, or-S0 2 -; and 

A represents the atoms necessary to provide a 5- or 6- membered heterocyclic or 
heteroaromatic ring that contains up to three heteroatoms; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C 2 -io alkenyl; 

R<s is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

each R7 is =0 or =S; 

R 8 is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 
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R 9 is hydrogen, d-to alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of R$ to form a ring of the formula 




N 

; 

{CH2) ™ ; and 

R u is Ci-io alkyl; or R 9 and Rn can join together to form a ring having the 
5 structure 

— N-C(R 7 ) 
(CH 2 ) 2 ./ 

or a pharmaceutically acceptable salt thereof 

28. A compound or salt of claim 27 wherein R 3 and R4 are independently hydrogen, 
1 0 alkyl, halogen, or nitro . 

29. A compound or salt of claim 27 wherein R3 and R4 are methyl. 

30. A compound or salt of claim 27 wherein X is -CH(R 5 )-Ci-5 alkylene-. 

15 

31 . A compound or salt of claim 27 wherein R 2 is hydrogen. 

32. A compound or salt of claim 27 wherein R 2 is alkyl. 

20 33. A compound or salt of claim 27 wherein R 2 is -alkylene-O-alkyl. 

34. A compound or salt of claim 27 wherein R1-3 is 

-R 6 -N(R9)-C(R 7 )-n A; 

25 35. A compound or salt of claim 27 wherein R1-3 is -R6-N(R 9 )-C(R7)-N(R5)-Q--R8- 
alkyl. 
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36. A compound or salt of claim 27 wherein Rj. 3 is -R^-N^K^y)— N(R 5 )-Q-R$-- 
aryl or 

-R^-N(R 9 >-C(R7)— N(R 5 )-Q-R8-heteroaryl. 

37. A compound or salt of claim 27 wherein Q is a bond. 

38. A compound or salt of claim 27 wherein R 5 is alky!. 

39. A compound or salt of claim 27 wherein R 7 is =0. 

40. A compound of the Formula (1-4): 




d-4) 

wherein: 

X is -CH(R 5 K -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R M is selected from the group consisting of: 

-alkenyl; 

-aryl; and 

-R^-aryl; 

R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
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-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 
Y is -O- or -S(O) 0 -2S 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, C1-10 alkoxy, d-10 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
R<$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

or a pharmaceutical^ acceptable salt thereof. 

41 . A compound or salt of claim 40 wherein R3 and R4 are independently hydrogen, 
alkyl, halogen, or nitro. 

42. A compound or salt of claim 40 wherein R3 and R4 are both methyl 

43. A compound or salt of claim 40 wherein R2 is hydrogen. 
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44. A compound or salt of claim 40 wherein R2 is alkyl. 

45. A compound or salt of claim 40 wherein R2 is -alkylene-O-alkyl. 

46. A compound or salt of claim 40 wherein is -aryl or -R6-aryl. 

47. A compound or salt of claim 46 wherein aryl is phenyl or substituted phenyl. 

48. A compound or salt of claim 40 wherein R$ is alkynylene. 

49. A compound or salt of claim 40 wherein X is -CH(R5)-Q-5 alkylene-. 

50. A compound or salt of claim 40 wherein R6 is -(CH2)i-4~ . 

51. A compound of the Formula (1-5): 




(1-5) 

wherein: 

X is -CH(R 5 >, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R1-5 is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R$- heteroaryl; and 

-R$-heterocyclyl; 
R 2 is selected from the group consisting of: 
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-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

5 -heteroaryl; 

-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

10 - alkyl or alkenyl substituted by one or more substituents selected from the 

group consisting of: 

-OH; 
-halogen; 
-N(R 5 ) 2 ; 

15 -C(0)-C,-io alkyl; 

> 

-C(O)-O-C M0 alkyl; 
-N 3 ; 

-aryl; 

-heteroaryl; 
20 -heterocyclyl; 

-C(0)-aryl; and 
-C(0)-heteroaryl; 

Yis-0-or-S(0) 0 -2S 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
25 alkyl, C 2 -io alkenyl, C 2 .io alkynyl, Cmo alkoxy, C1-10 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
R<5 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 
30 or a pharmaceutical^ acceptable salt thereof. 
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52. A compound or salt of claim 5 1 wherein R 3 and R4 are independently hydrogen, 
alkyl, halogen, or nitro. 

53. A compound or salt of claim 51 wherein R 3 and R4 are both methyl. 

54. A compound or salt of claim 51 wherein R 2 is hydrogen. 

55. A compound or salt of claim 5 1 wherein R2 is -alkyl. 

» 

, 56. A compound or salt of claim 5 1 wherein R2 is -alkylene-O-alkyl. 

57. A compound or salt of claim 5 1 wherein Ri_ 5 is -heteroaryl or -Rs-heteroaryl. 

58. A compound or salt of claim 5 1 wherein R1.5 is -heterocyclyl or -R^heterocyclyl. 

59. A compound or salt of claim 51 wherein X is -CH(R 5 )-Ci-5 alkylene-. 

60. A compound or salt of claim 51 wherein R6 is -(CH2)i-4— - 

61 . A compound of the formula (1-6): 




R 



1-6 



(1-6) 



wherein: 



X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

Ri.6 is selected from the group consisting of: 
-alkyl; 
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-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-Rs-aryl; 
-R6- heteroaryl; 
-R<Hieterocyclyl; 
R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 

- alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(0)-Ci-io alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)~aryl; and 
-C(0)-heteroaryl; 
Y is -O- or -S(0)o- 2 -; 
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R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, C1-10 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, C M0 alkyl, or C 2 -io alkenyl; and 
5 Re is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O— atoms; 

or a pharmaceutical^ acceptable salt thereof. 

62. A compound or salt of claim 61 wherein -S(0)o-2- is -S-. 

10 

63. A compound or salt of claim 61 wherein -S(O) 0 -2- is -SO-. 

64. A compound or salt of claim 61 wherein -S(0)o- 2 - is -S(0)2-. 

15 65 . A compound or salt of claim 6 1 wherein R3 and R4 are independently hydrogen, 
alkyl, halogen, or nitro. 

66. A compound or salt of claim 6 1 wherein R3 and R4 are both methyl. 
20 67. A compound or salt of claim 61 wherein R 2 is hydrogen. 
68. A compound or salt of claim 61 wherein R2 is -alkyl. 



69. A compound or salt of claim 61 wherein R 2 is -alkylene-O-alkyl. 

25 

70. A compound or salt of claim 61 wherein R\.& is alkyl. 



71. A compound or salt of claim 6 1 wherein Ri_6 is aryl. 



30 72. A compound or salt of claim 61 wherein R1-6 is substituted aryl. 



73. A compound or salt of claim 61 wherein R1-6 is heteroaryl. 
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74. A pharmaceutical composition comprising a pharmaceutically effective amount of 
a compound of claim 1 in combination with a pharmaceutically acceptable carrier. 

5 75. A pharmaceutical composition comprising a pharmaceutically effective amount of 
a compound of claim 2 in combination with a pharmaceutically acceptable carrier. 

76. A pharmaceutical composition comprising a pharmaceutically effective amount of 
a compound of claim 3 in combination with a pharmaceutically acceptable carrier. 

10 

77. A pharmaceutical composition comprising a pharmaceutically effective amount of 
a compound of claim 15 in combination with a pharmaceutically acceptable carrier. . 

78. A pharmaceutical composition comprising a pharmaceutically effective amount of 
15 a compound of claim 27 in combination with a pharmaceutically acceptable carrier. 

79. A pharmaceutical composition comprising a pharmaceutically effective amount of 
a compound of claim 40 in combination with a pharmaceutically acceptable carrier. 

20 80. A pharmaceutical composition comprising a pharmaceutically effective amount of 
a compound of claim 5 1 in combination with a pharmaceutically acceptable carrier. 

81. A pharmaceutical composition comprising a pharmaceutically effective amount of 
a compound of claim 61 in combination with a pharmaceutically acceptable carrier. 

25 

82. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 1 to the animal. 

83. A method of claim 82 wherein the cytokine is interferon - a. 

30 

84. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 2 to the animal. 
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85. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 3 to the animal. 

♦ 

86. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 15 to the animal. 

87. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 27 to the animal. 

88. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 40 to the animal. 

89. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 51 to tHe animal. 

90. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 61 to the animal. 

91. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 1 to the animal. 

92. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 2 to the animal. 

93. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 3 to the animal. 

94. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 15 to the animal. 
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95. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 27 to the animal. 

96. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 40 to the animal. 

97. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 51 to the animal. 

98. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 61 to the animal. 

99. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 1 to the animal. 

100. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 2 to the animal. 

101. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 3 to the animal. 

102. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 15 to the animal. 

103. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 27 to the animal. 

1 04. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 40 to the animal. 

105. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 51 to the animal. 
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1 06. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 61 to the animal. 

1 07. A compound of the Formula II: 




(H) 

wherein 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
10 CH(R 5 )-alkylene-Y-alkylene-; 

R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
15 -aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
20 -alkylene-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

25 -N(R 5 ) 2 ; 
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-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 

-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 



Yis-0-or~S(0)o- 2 -; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; and 

» 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of R6 to form a ring of the formula 




or a pharmaceutical^ acceptable salt thereof. 



108. A compound of the Formula IV: 



OPh 




8(0) 



R 



1-6 



(IV) 
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wherein: 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

Ri^ is selected from the group consisting of: 

-alkyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R6-aryl; 
-Re- heteroaryl; 
-R6-heterocyclyl ; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 

- alkyene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 

-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 



289 



WO 03/103584 



PCT/US03/17659 



-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 

5 Yis-Oor-S(0)o- 2 -; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 

alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, C M0 alkylthio, amino, alkylamino, 

dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 

10 R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O— atoms; 

or a pharmaceutical^ acceptable salt thereof. 




(V) 



wherein: 

20 X is -CH(R 5 >, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 

CH(R 5 )-alkylene-Y-alkylenes 

R1.6 is selected from the group consisting of: 
-alkyl; 
-aryl; 

25 -heteroaryl; 

-heterocyclyl; 
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-alkenyl; 
-R^-aryl; 
-R<5- heteroaryl; 
-Rs-heterocyclyl; 
R2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 

- alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 

-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(0)-C M o alkyl; 
-C(O)-O-C M0 alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 
Y is -O- or -S(0)o-2-; 

R3 and R4 are independently selected from the group consisting of hydrogen, C1-10 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
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is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; 

or a pharmaceutic ally acceptable salt thereof. 



5 110. A compound selected from compounds of Formulas LIX- 1 , LIX-2, and LDC-3 : 




•m-i. 2, 



10 



(LDC-1 
LIX-2 
LDC-3) 



wherein: 



15 



20 



25 



30 



Ri-1,2,3 is Rm in LIX-1, Rl 2 in LDC-2, and R,_ 3 inLIX-3; 
X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

Rm is selected from the group consisting of: 

-R6-C(R 7 )-Z-R 8 -alkyl; 

-R6-C(R 7 )-Z-R8— alkenyl; 

-R6-C(R 7 )-Z-R8-aryl; 

-R6-C(R 7 )-Z-R8— heteroaryl; 

-R6-C(R 7 )-Z-R«— heterocyclyl; 

-Rg— C(R 7 )— Z— H; 

-R6-N(R 9 ) -C(R 7 )-R8-alkyl; 

-R6-N(R 9 ) -C(R 7 )-R8— alkenyl; 

-R6-N(R 9 )-C(R 7 )-R8-aryl; 

-R6-N(R 9 )-C(R 7 )-R8-heteroaryl ; 

-R6-N(R 9 )-C(R 7 )-R8-heterocyclyl; and 

-R6-N(R 9 ) -C(R 7 )-Rio; 
Ri-2 is selected from the group consisting of: 
-R6-N(R 9 )-S0 2 -R8-alkyl; 
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-Re— N(R 9 )— S0 2 -Rg-alkenyl; 
-R6-N(R 9 )-S02-R8-aryl; 
-R6-N(R 9 )-S02-R8-heteroaryl; 
-R6-N(R9>-S02-R8-heterocyclyl; 
-R6-N(R9)-SO 2 -R 10 ; 
-R6-N(R9)-S02-N(R 5 )-R8-alkyl; 
-R6-N(R 9 )-S0 2 -N(R5)-R8-alkenyl; 
-R6-N(R 9 )-S0 2 -N(R5)-R8-aryl; 
-R6-N(R 9 )-S0 2 -N(R 5 )-R8-hetero aryl; 
-R6-N(R 9 )-S0 2 -N(R 5 )-R8-heterocyclyl;and 
-R6-N(R 9 )-S0 2 -NH 2 ; 
R1-3 is selected from the group consisting of: 
-R6-N(R 9 )-C(R 7 )-N(R 5 )-Q-R8-alkyl; 
-R6-N(R 9 )-C(R7)-N(R5)-Q-R8-alkenyl; 
-Re-N(R 9 )-C(R7)-N(R5>-Q-R8-aryl; 
-R6-N(R 9 )- C(R 7 )-N(R 5 )-Q-R8-heteroaryl; 
-R6-N(R 9 )-C(R 7 )— N(R 5 )-Q-R8-heterocyclyl; 
-R6-N(R 9 )-C(R 7 )-N(R 5 ) 2 ; 

-R 6 -N(R<,)-C(R 7 )-n A; 

-R6-N(R 9 )-C(R 7 )-N(Ri jy-Q-Rg-alkyl; 
-R6-N(R 9 )-C(R 7 )-N(R, ^Q-Rg-alkenyl; 
-R6-N(R 9 )-C(R 7 )-N(Rn)-Q-R8-aryl; 
-Rs-N(R 9 )- C(R 7 )-N(Ru)-Q— Rs-heteroaryl; 
-R6-N(R 9 )- C(R 7 )-N(Rn)-Q— Rg-heterocyclyl; and 
-R6-N(R 9 )- C(R 7 )-N(R„)H; 
R 2 is selected from the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
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-heterocyclyl; 
-alkylene- Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene- Y-aryl; and 

5 s - alkyl or alkenyl substituted by one or more substituents selected from the 

group consisting of: 

-OH; 
-halogen; 

-N(R 5 ) 2 ; 

10 -C(O)-C M0 alkyl; 

-C(O)-O-C M0 alkyl; 

-N 3 ; 

-aryl; 

-heteroaryl; 
15 -heterocyclyl; 

-C(0)-aryl; and 
-C(0)-heteroaryl; 

Yis-O-or-S(O) 0 -2S 

Z is-N(R 5 H -O-, or -S-; 
20 Q is a bond, -CO-, or -S0 2 -; 

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or 
heteroaromatic ring that contains up to three heteroatoms; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
25 dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

R 7 is =0 or=S; 

30 Rg is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 

or more -O- groups; 
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10 



15 



25 



R 9 is hydrogen, Q-io alkyl, or arylalkyl; or Rg can join together with any carbon 

* 

atom of R6 to form a ring of the formula 




(CH 2 ) 



2/3-8 



Rio is hydrogen or Cmo alkyl; or R 9 and Rio can join together to form a ring 
selected from 



- N- C(R 7 ) 

c ) 



— N— S0 2 

O 



' 12 and 12 ; 
Ri i is Ci-io alkyl; or R 9 and Ri i can join together to form a ring having the 



structure 



— N-C(R 7 ) 



( 



N 



(CH 2 ) 2 . 7 



; and 



R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
or a pharmaceutically acceptable salt thereof. 

111. A compound selected from compounds of Formulas LIX-4, and LIX-5: 




1-4.5 



(LIX-4 
LIX-5) 



20 wherein: 



Rm, 5 is Rm in LIX-4, and R1.5 in LIX-5; 
X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R1.4 is selected from the group consisting of: 
-alkenyl; 
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-aryl; and 
-R 6 -aryl; 

R1-5 is selected from the group consisting of: 
-heteroaryl; 
5 -heterocyclyl; 

-R$- heteroaryl; and 

-R$-heterocyclyl; 
R 2 is selected from the group consisting of: 

-hydrogen; 

10 -alkyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
15 -alkylene-Y-alkyl; 

-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 
20 -OH; 

-halogen; 

-N(R 5 ) 2 ; 

-C(O)-C M0 alkyl; 
-C(O)-O-C M0 alkyl; 
25 -N 3 ; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
30 -C(0)-heteroaryl; 

Y is-O- or -S(O) 0 .2S 
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R3 and R4 are independently selected from the group consisting of hydrogen, Ci- 
alkyl, C2-10 alkenyl, C 2 -io alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
R* is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

or a pharmaceutically acceptable salt thereof. 
1 12. A compound of the Formula LVIII: 




O 



NH 

/ 

R9 

(Lvm) 

wherein 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

R2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene- Y-alkyl; 
-alkylene- Y- alkenyl; 
-alkylene- Y-aryl; and 
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-alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 



-OH; 
-halogen; 

-N(R 5 ) 2 ; 

-C(0>Cwo alkyl; 
-C(0>0-Cmo alkyl; 
-N 3 ; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 



Y is -O- or -S(0)o- 2 -; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, C M0 alkoxy, d-10 alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R<5 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O— atoms; and 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R 9 can join together with any carbon 
atom of Re to form a ring of the formula 



or a pharmaceutically acceptable salt thereof 
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113. A compound of the Formula LXXVIII: 




R 6 



R 9 "BOC 
(LXXVIII) 



5 wherein 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 

Yis -O-or-S(O) 0 -2S 

BOC is tert-butoxycarbonyl; 
10 R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 

alkyl, C 2 -io alkenyl, C 2 -io alkynyl, Cmo alkoxy, C M o alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
1 5 more -O— atoms ; 

R 9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of Re to form a ring of the formula 




T is selected from nitro and amino; 
20 or a pharmaceutical^ acceptable salt thereof. 
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114. A compound of the Formula LXXIX: 




(LXXK) 



5 wherein 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
CH(R 5 )-alkylene-Y-alkylene-; 
Yis-Oor-S(0) 0 -2-; 

R 3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
10 alkyl, C2-10 alkenyl, C 2 -io alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R 5 is independently hydrogen, Cmo alkyl, or C 2 -io alkenyl; and 
T is selected from nitro and amino; 
or a pharmaceutically acceptable salt thereof. 

15 

115 . A compound selected from compounds of Formulas LXXX-4 and LXXX-5: 




O 
I 

R 1-4,5 



(LXXX-4 
LXXX-5) 

20 

wherein 

R M , 5 is R M in LXXX-4, and R M in LXXX-5; 

X is -CH(R 5 )-, -CH(R 5 )-alkylene-, -CH(R 5 )-alkenylene-, or 
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CH(R 5 )-alkylene-Y-alkylene-; 

Yis -0- or-S(O) 0 -2S 

R1.5 is selected from the group consisting of: 

-heteroaryl; 
5 -heterocyclyl; 

-Re- heteroaryl; and 

-R^-heterocyclyl; 
R1-4 is selected from the group consisting of: 

-alkenyl; 

1 0 -aryl; and 

-R<5-aryl; 

R 3 andR4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 
15 each R 5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

R$ is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; and 

T is selected from nitro and amino; 
or a pharmaceutically acceptable salt thereof. 

20 



25 



30 
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